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How to Use the 
FET Cross Reference and Index 


The following examples illustrate how the FET Cross Reference and Index should be used: 


Case (1) Recommended replacement offered by Siliconix is identical to Industry Part Number. 
Industry Part Number Type and Classification Recommended Replacement 
2N4391 N JFET 2N4391 


Case (2) Recommended replacement offered by Siliconix is not identical to Industry Part Number. 
Industry Part Number Type and Classification Recommended Replacement 
2N3457 N JFET 2N4338 


The recommended replacement may be exact, tighter or looser on electrical characteristics, and may 
be a different package or pin-out. Data sheets for both parts should, if possible, be reviewed for a com- 
plete comparison. Send for your new November, 1982 Small Signal FET Design Catalog. 


Type and classification abbreviations are described as follows: 


BF (JFET Plastic) ENH (Enhancement-Mode Normally-Off) 

CRR (Current Limiter) JR Plastic High Voltage Diode) 

D (Dual) N N-Channel) 

DN (Dual N-Channel Metal Can) P (P-Channel) 

DPAD (Dual Pico Ampere Diode) PAD (Pico Ampere Diode) 

FN (N-Channel Metal Can) SD (N-Channel Enhancement-Mode DMOS) 
MOSPOWER 
M (N-Channel Enhancement-Mode MOS-FET) 


( 

CR (Current Limited) JPAD (Plastic Pico Ampere Diode) 
( 
( 
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FET Cross Reference 


FET Cross Reference 


Industry Type and Recommended Industry Type and Recommended Industry Type and Recommended 
Part Number Classification Replacement Part Number Classification Replacement | Part Number Classification Replacement 


1N5283 CL N JFET CRO22 2N3088 N JFET 2N4339 2N3954A 2N3954A 
1N5284 CL N JFET CRO24 2N3088A N JFET 2N4339 2N3955 2N3955 
1N5285 CL N JFET CRO27 2N3089 N JFET 2N4339 2N3955A 2N3955A 
1N5286 CL N JFET CRO30 2N3089A N JFET 2N4339 2N3956 2N3956 
1N5287 CL N JFET CRO33 2N3113 P JFET 2N3329 2N3957 2N3957 


1N5288 CL.N JFET CRO39 2N3277 P.JFET 2N2608 2N3958 2N3958 
1N5289 CL N JFET CRO43 2N3278 P JFET 2N2608 2N3966 2N3966 
1N5290 CLN JFET CR047 2N3328 P JFET 2N3438 2N3967 2N4221 
1N5291 CL N JFET CRO56 2N3329 P JFET 2N3329 2N3967A 2N4221 
1N5292 CL N JFET CRO62 2N3330 P JFET 2N3330 2N3968 ; 2N4339 


1N5293 CL.N JFET CRO68 2N3331 P JFET 2N2609 | 2N3968A . 2N4339 
1N5294 CL N JFET CRO75 2N3332 P JFET 2N2609 2N3969 2N4339 
1N5295 CL N.JFET CRO82 2N3365 N JFET 2N4340 2N3969A 2N3686 
1N5296 CLNJFET ~ ~ CRO91 2N3366 “N JFET 2N4338 2N3970 2N3970 
1N5297 CL N JFET CR100 2N3367 N JFET 2N4338 2N3971 2N3971 


1N5298 CL N JFET CR110 2N3368 N JFET 2N4341 2N3972 2N3972 
1N5299 CL N-JFET CR120 2N3369 N JFET 2N4340 2N3993 2N3386 
1N5300 CL N JFET CR130 2N3370 N JFET _2N4339 2N3993A 2N3386 
1N5301 CL N JFET CR140 2N3376 P JFET. 2N3329 2N3994 2N3382 
1N5302 CLIN JFET CR150 2N3378 P JFET 2N3330 2N3994A . 2N3382 


1N5303 CL N JFET CR160 2N3380 P JFET 2N3331 2N4084 D.N JFET 2N4084 | 
1N5304 CL N JFET CR180 2N3382 P JFET 2N3382 2N4085 DN JFET 2N4085 © 
1N5305 CL N JFET CR200 2N3384 P JFET 2N3384 2N4091 N JFET 2N4091 
1N5306 CL.N JFET CR220 2N3386 P JFET 2N3386 2N4091A N JFET 5 2N4091 
1N5307 CL N JFET CR240 2N3436 N JFET 2N4341 2N4092 N JFET 2N4092 


1N5308 CL N JFET CR270 2N3437 N JFET 2N4341 2N4092A N JFET 2N4092 
1N5309 CL N JFET CR300 2N3438 N JFET 2N4341 2N4093 N JFET 2N4093 
1N5310 CL N JFET CR330 2N3452 N JFET 2N4340 2N4093A N JFET 2N4093 
1N5311 CL N JFET CR360 2N3453 N JFET 2N4338 2N4117 N JFET — QN4117 
1N5312 CL N JFET CR390 2N3454 N JFET 2N4338 2N4117A N JFET > 2N4117A 


1N5313 CL N JFET CR430 2N3455 N JFET 2N4340 2N4118 N JFET 2N4118 
1N5314 CL N JFET CR470 2N3456 N JFET 2N4338 2N4118A N JFET 2N4118A 
2N2386 P JFET 2N2609 2N3457 N JFET 2N4338 2N4119 N JFET 2N4119 
2N2386A P JFET 2N2609 2N3458 N JFET 2N4341 2N4119A N JFET 2N4119A 
2N2497 P JFET 2N3329 2N3459 N JFET 2N4341 2N4120 P MOS ENH 3N163 


2N2498 P JFET 2N3330 2N3460 N JFET 2N4340 2N4139 N JFET 2N3822 
2N2499 P JFET 2N3331 2N3574 P JFET 2N3329 2N4220 N JFET 2N4220 
2N2500 P JFET 2N3332 2N3575 P JFET 2N3329 2N4220A N JFET 2N4220A 
2N2609 P JFET 2N2609 2N3578 P JFET 2N2608 2N4221 N JFET 2N4221 
2N3608 P MOS ENH 3N163 2N4221A N JFET 2N4221A 


2N2609JAN P JFET 2N2609JAN 2N3684 N JFET 2N4339 2N4222 N JFET 2N4222 
2N2841 P JFET 2N3329 2N3685 N JFET 2N4339 2N4222A N JFET 2N4222A 
2N2842 P JFET 2N3329 2N3686 N JFET 2N4340 2N4223 N JFET 2N4223 
2N2843 P JFET 2N3329 2N3687 N JFET 2N2609 2N4224 N JFET 2N4224 
2N2844 P JFET 2N2608 2N3819 N JFET 2N3819 2N4267 P MOS ENH 3N163 


2N3066 N JFET 2N4340 2N3820 P JFET J270 2N4302 N JFET PN4302-18 
2N3067 N JFET 2N4338 2N3821 N JFET 2N3821 2N4303 N JFET PN4303-18 
2N3068 N JFET 2N4338 2N3822 N JFET 2N3822 2N4304 N JFET PN4304-18 
2N3069 N JFET 2N4341 2N3823 N JFET 2N3823 2N4338 N JFET 2N4338 
2N3070 N JFET 2N4339 2N3824 N JFET 2N3824 2N4339 N JFET 2N4339 


°N3071 N JET °N4338 2N3909 P JFET 2N2608 2N4340 N JFET 2N4340 
9N3084 N JEET ON4341 2N3909A P JFET 2N3909 2N4341 N JFET 2N4341 
°N3085 N JFET ON4341 2N3921 DN JFET 2N3921 2N4352 PMOSENH 3N163 
°N3086 N JFET ON4341 2N3922 DN JFET 2N3922 2N4381 P JFET 2N2609 
°N3087 N JFET ON4341 2N3954 DN JFET 2N3954 2N4382 P JFET 2N5115 


1%2 Siliconix 


FET Cross Reference (Cont'd) 


Industry Type and Recommended Industry Type and Recommended Industry Type and Recommended 
Part Number Classification Replacement Part Number _ Classification Replacement | PartNumber Classification Replacement 


2N4391 N JFET 2N4391 2N5047 DN JFET 2N5047 2N5517 2N5517 
2N4392 N JFET 2N4392 2N5103 N JFET 2N4416 2N5518 2N5518 
2N4393 N JFET 2N4393 2N5104 N JFET 2N4416 2N5519 2N5519 
2N4416 N JFET 2N4416 2N5105 N JFET 2N4416 2N5520 2N5520 
2N4416A NJFET = 2N4416A 2N5114 PJRET 2N5114 2N5521 2N5521 
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2N4445 N JFET 2N5432 2N5115 P. JFET 2N5115 2N5522 2N5522 
2N4446 N JFET 2N5433 2N5116 2N5116 2N5523 2N5523 
2N4447 N JFET 2N5432 2N5158 2N5434 2N5524 2N5524 
2N4448 N JFET 2N5433 2N5159 2N5433 2N5545 2N5545 
2N4856 N JFET 2N4856 2N5196 2N5196 2N5546 2N5546 


2N4856A N JFET 2N4856A 2N5197 2N5197 2N5547 2N5547 
2N4856JAN N JFET 2N4856JAN 2N5198 =) ANS 198 2N5549 2N4392 
2N4856JANTX  N JFET 2N4856JANTX 2N5199 2N5199 2N5561 U401 
2N4856JANTXV N JFET 2N4856JANTXV 2N5245 PN4416 2N5562 U402 
2N4857 N JFET 2N4857 2N5246 J305-18 2N5563 U404 
2N5564 2N5564 
2N4857A N JFET 2N4857A 2N5247 J304-18 
2N4857JAN N JFET 2N4857JAN 2N5248 2N5486 2N5565 2N5565 
2N4857JANTX  N JFET 2N4857JANTX 2N5257 2N5457 2N5566 2N5566 
2N4857JANTXV N JFET 2N4857JANTXV 2N5258 2N5458 2N5592 2N3822 
2N4858 N JFET 2N4858 2N5259 2N5459 2N5593 2N3822 
2N5594 2N3822 
2N4858A_ | N JFET 2N4858A 2N5265 2N2608 
2N4858JAN N JFET 2N4858JAN 2N5266 2N2608 2N5638 2N5638 
2N4858JANTX  N JFET 2N4858JANTX 2N5267 2N2608 2N5639 2N5639 
2N4858JANTXV NN JFET 2N4858JANTXV 2N5268 2N2608 2N5640 2N5640 
2N4859 N JFET 2N4859 2N5269 2N3331 2N5647 2N4117A 


2N5648 2N4117A 
2N4859A N JFET 2N4859A 2N5270 2N3331 


2N4859JAN N JFET 2N4859JAN 2N5358 -2N4340 2N5649 2N4117A 
2N4859JANTX N JFET 2N4859JANTX 2N5359 2IN4340 2N5797 2N2608 
2N4859JANTXV N JFET 2N4859JANTXV 2N5360 2N4339 2N5798 2N2608 
2N4860 N JFET 2N4860 2N5361 2N4339 2N5799 2N2608 
2N5800 2N2608 


2N4860A N JFET 2N4860A 2N5362 2N4339 

2N4860JAN N JFET 2N4860JAN °2N5363 ON4222A 2N5801 2N4393 

2N4860JANTX NN JFET 2N4860JANTX 2N5364 2N4224 2N5802 2N4393 

2N4860JANTXV N JFET 2N4860JANTXV 2N5391 2N4867A 2N5803 2N4392 

2N4861 N JFET 2N4861 2N5392 ON4868A 2N5902 2N5902 
2N5903 2N5903 

2N4861A N JFET 2N4861A 2N5393 2N4869A 

2N4861JAN N JFET 2N4861JAN 2N5394 ON4869A 2N5904 2N5904 

2N4861JANTX NN JFET 2N4861JANTX 9N5395 ON4869A 2N5905 2N5905 

2N4861JANTXV N JFET 2N4861JANTXV 2N5396 ON4869A 2N5906 2N5906 


N JFET 2N5907 2N5907 
2N4867 2N4867 2N5397 U310 oNsade >N5908 


2N5909 2N5909 
2N5911 2N5911 
2N5912 2N5912 
2N5949 PN4416 
2N5950 PN4416 


2N4977 N JFET 2N5432 2N5453 DN JFET 2N5453 2N5951 PN4416 
2N4978 N JFET 2N5433 2N5454 DN JFET 2N5454 2N5952 J305 
2N4979 N JFET 2N5434 2N5457 N JFET 2N5457 2N5953 J305 
2N5018 P JFET 2N5018 2N5458 N JFET 2N5458 2N6451 2N4393 
2N5019 P JFET 2N5019 2N5459 N JFET 2N5459 2N6452 2N4393 


2N5020 P JFET 2N3329 2N5484 N JFET 2N5484 2N6453 2N4393 
2N5021 P JFET 2N2608 2N5485 N JFET 2N5485 2N6454 2N4393 
2N5033 P JFET 2N2608 2N5486 N-JFET 2N5486 2N6483 U401 
2N5045 DNJFET 2N5045 2N5515 DN JFET 2N5515 2N6484 U402 
2N5046 DNJFET  2N5046 2N5516 DN JFET 2N5516 2N6585 U404 


2N4867A N JFET 2N4867A 2N5398 U312 
2N4868 N JFET 2N4868 2N5432 2N5432 
2N4868A N JFET 2N4868A 2N5433 2N5433 
2N4869 N JFET 2N4869 2N5434 2N5434 
~ 2N4869A N JFET 2N4869A 2N5452 DN JFET 2N5452 


Siliconix 723 


FET Cross Reference 


Industry Type and Recommended Industry Type and Recommended Industry Type and Recommended 
Part Number Classification Replacement Part Number Classification Replacement | Part Number Classification Replacement 


2N6568 N JFET U290 2328 2N3955 A5T3824 J302-18 
2N6656 V MOS NENH = 2N6656 2338 2N3956 A192 2N4416 
2N6657 V MOS NENH = 2N6657 2345 2N3957 AD830 U421 
2N6658 V MOS NENH  2N6658 2358 2N3958 AD831 U421 
2N6659 V MOS NENH 2N6659 241U 2N4869 AD832 U422 


2N6660 V MOS NENH  2N6660 250U 2N4091 AD833 U426 
2N6661 V MOS NENH  2N6661 251U 2N4392 AD833A U423 
3N145 P MOS ENH 3N163 703U 2N4220 AD835 2N3921 
3N146 P MOS ENH 3N163 704U 2N4220 AD836 2N3921 
3N155 P MOS ENH 3N163 705U 2N4224 AD837 2N3922 


3N155A P MOS ENH 3N163 707U 2N4860 AD838 2N4085 
3N156 P MOS ENH 3N163 714U 2N3822 AD839 2N4085 
3N156A P MOS ENH 3N163 734U 2N4416 AD840 2N5196 
3N157 P MOS ENH 3N163 734EU PN4416 AD841 2N5197 
3N157A PMOS ENH - 3N163 751U 2N4340 AD842 2N5199 


3N158 P MOS ENH 3N163 752U 2N4340 AD3954 2N3954 
3N158A P MOS ENH 3N163 753U 2N4341 AD3954A 2N3954A 
3N163 P MOS ENH 3N163 754U 2N4340 AD3955 2N3955 
3N164 P MOS ENH 3N164 755U 2N4341 AD3956 2N3956 
3N174 P MOS ENH 3N163 756U 2N4340 AD3957 2N3957 


147 N JFET 2N3819 1277A 2N3822 AD3958 2N3958 
142T N JFET PN4392 1278A 2N3821 BC264 PN4304 
158T N JFET PN4302 1279A 2N3821 BC264A PN4302 
159T N JFET PN4416 1280A 2N4224 BC264B PN4304 
100S N JFET PN4304 1281A 2N3822 BC264C PN4304 


100U N JFET 2N3684 1282A 2N4341 BC264D PN4416 
102M N JFET 2N5486 1283A 2N4340 BF244A/B/C* *Contact factory 
1028 N JFET 2N4302 1284A 2N4222 BF245A/B/C* *Contact factory 
103M N JFET 2N5457 1285A 2N3821 BFR45 2N4416 
1038 N JFET 2N5459 1286A 2N4220 BFS21 2N5199 


104M N JFET 2N5458 1325A 2N4222 BFS21A DNJFET  2N5199 
105M N JFET 2N5459 1714A 2N4340 BFS67 N JFET 2N3821 
105U N JFET 2N4222 2000M 2N3823 BFS67P N JFET 2N4303 
106M N JFET 2N5485 2001M 2N3823 BFS68 N JFET 2N3823 
107M N JFET 2N5486 2078A 2N3955 BFS68P N JFET PN4416 


110U N JFET 2N4339 2079A 2N3955 BFS70 N JFET 2N3821 
115U N JFET 2080A 2N5546 BFS71 N JFET 2N3822 
120U N JFET 2N4340 2081A 2N5546 BFS72 N JFET 2N3823 
125U N JFET 2N4339 2093M 2N3687 BFS73 N JFET 2N3821 
130U N JFET 2N4341 2094M 2N3686 BFS74 N JFET 2N4856 


135U N JFET 2N4339 2095M 2N3686 BFS75 N JFET 2N4857 
155U N JFET 2N4416 2098A 2N5545 BFS76 N JFET 2N4858 
182S N JFET 2N4391 2099A 2N5546 BFS77 N JFET 2N4859 
1838 N JFET 2N3823 2130U 2N5452 BFS78 N JFET 2N4860 
1978 N JFET 2N4338 2132U 2N3955 BFS79 N JFET 2N4861 


1988 N JFET 2N4340 2134U 2N3956 BFS80 N JFET 2N4416A 
199S N JFET 2N4341 2136U 2N3957 BFW10 N JFET 2N3823 
2008 N JFET 2N4392 2138U 2N3958 BFW11 N JFET 2N3822 
200U N JFET 2N3824 2139U 2N3958 BFW54 N JFET 2N3822 
2018 N JFET 2N4391 2147U 2N3958 BFW55 N JFET 2N3822 


2028 N JFET 2N4392 2148U 2N3958 BFW5S6 N JFET 2N4869 
203S N JFET 2N3821 2149U 2N3958 BFW61 N JFET 2N4224 
2048 N JFET 2N3821 A5T3821 J305 

210U N JFET 2N4416 A5T3822 J305 

2318 DN JFET 2N3954 AS13823 PN4416 


1-4 Siliconix 


FET Cross Reference (Cont'd) 


Industry Type and Recommended Industry Type and Recommended Industry Type and 
Part Number Classification Replacement Part Number Classification Replacement | Part Number Classification 


BSV22 N JFET 2N4416 DPAD10 D PAD N JFET DPAD10 E500 CL N JFET 
BSV78 N JFET 2N4856A DPAD20 D PAD N JFET DPAD20 E501 CL N JFET 
BSV80 N JFET 2N4858A DPAD50 D PAD N JFET DPADSO E502 CL .N JFET 
C413N N JFET 2N5434 DPAD100 D PAD N JFET DPAD100 E503 CL .N JFET 
C673 N JFET 2N4341 DU4339 DN JFET U235 E504 CL N JFET 


C674 N JFET 2N4341 DU4340 DN JFET U235 E505 CL N JFET 
C680 N JFET 2N4338 E100 N JFET J203-18 E506 CLIN JFET 
C680A N JFET 2N4338 E101 N JFET J201-18 E507 CLN JFET 
C681 N JFET 2N4338 E102 N JFET J202-18 EPADSO DD N JFET 
C681A N JFET 2N4338 E103 N JFET J105-18 EPAD100 DD N JFET 


C682 N JFET 2N4339 E105 N JFET J105-18 EPAD200 DD N JFET 
C682A ; N JFET 2N4339 E106 N JFET J106-18 EPADS00 DD N JFET 
C683 N JFET 2N4339 E107 N JFET J107-18 FE100 N JFET 
C683A N JFET 2N4339 E108 N JFET J108-18 FE100A N JFET 
C684 N JFET 2N4220 E109 N JFET J109-18 FE102 N JFET 


C684A N JFET 2N4220 E110 N JFET J110-18 FE102A N JFET 
C685 N JFET 2N4220 E111 N JFET J111-18 FE104 N JFET 
C685A N JFET 2N4220 Eui2 N JFET J112-18 FE104A N JFET 
C6690 N JFET 2N4341 Edits N JFET J113-18 FE200 N JFET 
C6691 N JFET 2N434]1 E114 N JFET J114 FE202 N JFET 


C6692 ; N JFET 2N4340 E174 P JFET J174-18 FE204 N JFET 
| CM600 N JFET 2N4092 E175 PJEET J175-18 FE300 N JFET 
CM601 N JFET 2N4091 E176 PJFEE J176-18 FE302 N JFET 
CM602 N JFET 2N4091 EArt PJEET J177-18 FE304 N JFET 
CM603 N JFET 2N4091 E201 N JFET J201-18 FEQ654A N JFET 


CM640 N JFET 2N4093 E202 N JFET J202-18 FEO654B N JFET 
CM641 N JFET 2N4093 E203 N JFET J203-18 FE3819 N JFET 
CM642 N JFET 2N4093 E204 N JFET J204-18 FES457 N JFET 
CM643 N JFET 2N4092 E210 N JFET J210 FES458 N JFET 
CM644 N JFET 2N4092 E211 N JFET J211 FES459 N JFET 


CM645 N JFET 2N4092 E212 N JFET J212 FE5484 N JFET 
CM646 NJFET 2N4092 E230 N JFET J230-18 FE5485 

CM647 N JFET 2N4091 E231 N JFET J231-18 FE5486 

CM650 N JFET 2N5432 E232 N JFET J232-18 FM3954 

CM6S51 N JFET 2N5433 E270 P JFET J270-18 FM3954A 


CM652 N JFET 2N5432 E271 P JPET J271-18 
CM653 N JFET 2N5433 E300 N JFET J300 
CM697 N JFET 2N5434 E304 N JFET J304 
CM800 N JFET 2N5434 E305 J305 
CMX740 N JFET U290 E308 J308 


CP640 N JFET U296 £309 J309 
CP643 N JFET 2N5434 E310 J310 FN4117 


CP650 N JFET U322 E400 U410 FN4117A 
CP651 N JFET U320 E401 U411 FN4118 


CP6S2 © N JFET U322 E402 U410 FN4118A 
CP653 N JFET U320 FN4119 


CRO22 Thru CR470 Referenced Under 1N Series E410 U410 


E411 U411 EN4119A 
CRRO240-4300 CLNFET  CRRO240-4300 | £412 U412 FN4392 


DN5564-66 DN JFET DN5564-66 E413 U410 FNA303 
DN5567 DN JFET DN5567 E414 U411 

DPADI D PAD N JFET DPAD1 

DPAD2 D PAD N JFET DPAD2 E415 U412 FTO6S4A 


E420 U440 FT0654B 
DPADS D PAD N JFET DPADS £49] 444 FT0654¢ 


E430 U430 FT0654D 
£431 U431 FT 704 P MOS ENH 


FM3955 
FM3955A 
FM3956 
FM3957 
FM3958 


Siliconix 


Recommended 
Replacement 


J500 
J501 
J502 
J503 
J504 


J505 
J506 
J507 
JPAD50 
JPAD100 


JPAD200 
JPAD500 
2N3821 
2N3821 
2N4119 


2N4119 
2N4118 
2N4118 
2N3821 
2N3821 


2N3821 
2N3822 
2N3821 
2N3821 
2N5486 


2N5485 
2N3819 
2N5457 
2N5458 
2N5459 


2N5484 
2N5485 
2N5486 
2N3954 
2N3954A 


2N3955 
2N3955A 
2N3956 
2N3957 
2N3958 


FN4117 
FN4117A 
FN4118 
FN4118A 
FN4119 


FN4119A 
FN4392 
FN4393 


2N5486 
2N5486 
2N4221 
2N4221 
3N163 
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FET Cross Reference 


FET Cross Reference (Cont'd) 


Industry Type and Recommended 
Part Number Classification Replacement 


Industry Type and Recommended 
Part Number Classification Replacement 


Industry Type and Recommended 
Part Number Classification Replacement 


GET5457 N JFET 2N5457 J110 J110 J502 CL N JFET J502 
GET5458 N JFET 2N5458 J110-18 N JFET J110-18 J503 CL.N JFET J503 
GET5459 N JFET 2N5459 J4t4 N JFET J44 J504 CL N JFET J504 
HDIG1030 P MOS ENH 3N163 J111-18 N JFET J111-18 J505 CL.N JFET J505 
1D100 D PAD N JFET  DPAD1 J112 J112 J506 CL.N JFET J506 
1D101 D PAD N JFET  DPAD10 Hawa jee J507 CL N JFET J507 
IMF3954 DN JFET 2N3954 J508 CLN JFET J508 
IMF3954A DN JFET anggs4a | ITS eee ee J509 CLNJFET  — J509 
J113-18 N JFET J113-18 
IMF3955 DN JFET 2N3955 J510 CLIN JFET J510 
J174 P JFET J174 
IMF3955A DN JFET 2N3955A J5M CLIN JFET J5i1 
IMF3956 DN 2N3956 J174-18 P JFET J174-18 ee Ai : nie oe 
IMF3957 DN JFET 2N3957 J175 P JFET J175 $554 CL N JFET J554 
IMF3958 DN JFET 2N3958 J175-18 P JFET J175-18 $555 CL N JFET J555 
iMF6485 DN JFET U405 J176 P JFET J176 J556 CLN JF 
J176-18 J176-18 N JFET J556 
IT100 P 2N5116 J557 CL N JFET J557 
IT101 2N5114 J177 Nya JPADS PAD N JFET JPADS 
IT108 N JFET 2N5486 J177-18 P JFET J177-18 JPAD10 PAD N JFET JPAD10 
IT109 N JEET U310 J201 N JFET JPAD20 PAD N JFET JPAD20 
ae f ve aN Tbe iSas iS dea! JPADSO PADNJFET  JPADS0 
JPAD100 PAD N JFET JPAD100 
ITE500 CL .N-JFET J202-18 N JFET  BARESE fe iE “Papeds 
ITE5O1 CL N JFET J504 J203 N JFET 
ITE502 CL N JFET J502 J203-18 N JFET 
ITE503 CL N JFET J503 J204 N JFET J204 Hee a ; pe oy 
ITE504 CL N JFET J504 J204-18 J204-18 IR200V CL N JEET JR2O0V 
JR220V CL N JFET JR220V 
ITE505 CL N-JFET J210 J210 IRO40V CLIN JEET JR240V 
ITE506 CL N JFET J506 J24 N JFET J244 
ITES07 CL N JFET J507 J212 N JFET J212 J1401 DN JFET U401 
ITE3066 N JFET J202-18 J230 N JFET J230 J1402 DN JFET U402 
ITE3067 N JFET J230-18 J230-18 J1403 DN JFET U403 
J1404 DN JFET U404 
ITE3068 N JFET J201-18 J231 J231 J1405 DN JFET U405 
ITE4117 N JFET 2N4117 J231-18 N JFET J231-18 J1406 DN JFET U406 
ITE4118 N JFET 2N4118 J232 N JFET J232 
ITE4119 N JFET 2N4119 J232-18 N JFET J232-18 oN gta aa 
ITE4338 N JFET J201-18 J270 J270 ae alee pe 
ITE4339 N JFET J201-18 J270-18 J270-18 K212-18 N JFET Jets 
ITE4340 N JFET J202-18 J274 P JFET J274 K300-18 N JEET J210 
ITE4341 N JFET J203-18 J271-18 P JFET J271-18 K304-18 N JET 304 
ITE4391 N JFET PN4391-18 | J300 N JFET J300 K305-18 N JFET 1305 
ITE4392 N JFET PN4392-18 J300A/B/C/D =-N JFET J300A/B/C/D K308-18 N JFET J308 
J304 J304 K309-18 N JFET J309 
ITE4393 N JFET PN4393-18 
ITE4416 N JFET PN4416 J305 N JFET J305 K310-18 N JFET J310 
ITE4867 N JFET J230-18 J308 N JFET J308 KE3684 N JFET 2N4339 
ITE4868 N JFET J231-18 J309 N JFET J309 KE3685 N JFET 2N4339 
ITE4869 N JFET J232-18 J310 N JFET J310 KE3686 N JFET 2N4340 
J401 U401 KE3687 N JFET 2N4341 
J105 N JFET J105 J402 U402 KE3823 N JFET J304-18 
J105-18 N JFET J105-18 1403 DNJFET 403 KE3970 N JFET PN4391-18 
J106 N JFET J106 J404 PNRIFET 404 KE3971 N JFET PN4392-18 
J106-18 N JFET J106-18 3405 DNJFET 405 KE3972 N JFET PN4393-18 
J107 N JFET J107 3406 DNJFET  U406 KE4091 N JFET PN4391-18 
J107-18 N JFET J107-18 J410 DN U410 KE4092 N JFET PN4392-18 
J108 N JFET J108 « Jat DN JFET U411 KE4093 N JFET PN4393-18 
J108-18 N JFET J108-18 J412 DN JFET U412 KE4220 N JFET 2N5457 
J109 N JFET J109 J500 CLNJFET  J500 KE4221 N JFET 2N5457 
J109-18 N JFET _J109-18 J501 CLNJFET  J501 KE4222 N JFET 2N5459 
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FET Cross Reference (Cont'd) 


Industry Type and Recommended Industry Type and Recommended Industry Type and Recommended 
Part Number Classification Replacement Part Number __ Classification Replacement | Part.Number Classification Replacement 


KE4223 N JFET J304-18 MM13823 N JFET 2N3823 NF5653 N JFET 2N5653 
KE4224 N JFET J304-18 MPF102 N JFET MPF102 NF5654 N JFET 2N5654 
KE4391 N JFET PN4391-18 MPF103 N JFET 2N5457 PAD1 PAD N JFET PADI 
KE4392 N JFET PN4392-18 MPF 104 N JFET 2N5458 PAD2 PAD N JFET PAD2 
KE4393 N JFET PN4393-18 MPF105 N JFET 2N5459 PADS PAD N JFET PADS 


KE4416 N JFET PN4416 MPF 106 N JFET 2N5485 PAD10 PAD N JFET PAD10 
KE4856 N JFET PN4391-18 MPF107 N JFET 2N5486 PAD20 PAD N JFET PAD20 
KE4857 N JFET PN4392-18 MPF108 N JFET MPF108 PAD50 PAD N JFET PADSO 
KE4858 N JFET PN4393-18 MPF109 N JFET MPF109 PAD100 PAD N JFET PAD100 
KE4859 N JFET PN4391-18 MPF111 N JFET MPF111 P1086 P JFET P1086 
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KE4860 N JFET PN4392-18 MPF112 N JFET MPF112 P1086-18 P JFET P1086-18 
KE4861 N JFET PN4393-18 MPF256 N JFET J309 P1087 P JFET P1087 
KES103 N JFET J305 MPF820 N JFET U310 P1087-18 P JFET P1087-18 
KES104 N JFET J304 MPF970 P JFET J174 PN4091 N JFET PN4091 
KE5105 N JFET J305 MPF971 P JFET J176 PN4092 N JFET PN4092 


KK4416-18 N JFET PN4416 MPF4391 N JFET PN4391- PN4093 N JFET PN4093 
LDF603 N JFET 2N4221A MPF4392 N JFET PN4392- PN4117 N JFET PN4117 
LDF604 N JFET 2N4221A MPF4393 N JFET PN4393- PN4117A N JFET PN4117A 
LDF605 N JFET 2N4221A NF500 N JFET 2N4416 PN4118 N JFET PN4118 
M163 P MOS ENH 3N163 NF501 N JFET 2N4416 PN4118A N JFET PN4118A 


M164 P MOS ENH 3N164 NF506 N JFET 2N4416 PN4119 N JFET PN4119 

MEM520 P MOS ENH 3N164 NF510 N JFET 2N4393 PN4119A N JFET PN4119A 
| MEMS20C P MOS ENH 3N164 NF511 N JFET 2N4393 PN4120 N JFET PN4120 

MEMS61 P MOS ENH 3N163 NF520 N JFET 2N4339 PN4120A N JFET PN4120A 
| MEMS61C P MOS ENH 3N163° NF521 N JFET 2N4339 
PN4302 N JFET PN4302 
MEM806 P MOS ENH 3N163 NF522 N JFET 2N4339 PN4302-18 N JFET PN4302-18 
MEM806A P MOS ENH 3N163 NF523 N JFET 2N4340 PN4303 N JFET PN4303 


MFE823 P MOS ENH MFE823 NF530 N JFET 2N4341 PN4303-18 N JFET PN4303-18 
MFE2000 N JFET 2N4416 NESQH ce N JFET 2N4339 


MFE2001 N JFET 2N4416 NF532 N JEET 2N4341 PN4304 N JFET PN4304 


PN4304-18 N JFET PN4304-18 
PN4391 N JFET PN4391 
PN4391-18 N JFET PN4391-18 
PN4392 N JFET PN4392 


MFE2004 N JFET _  2N4093 NF533 N JFET 2N4339 
MFE2005 N JFET 2N4092 NF580 N JFET 2N5432 
MFE2006 N JFET 2N4091 NF581 N JFET 2N5432 
MFE2007 N JFET 2N4860 NF582 N JFET 2N5433 
MFE2008 N JFET 2N4859 : 
Noes ial ches PN4392-18 N JFET PN4392-18 
MFE2009 N JFET 2N4859 NF584 N JEET °N5433 PN4393 N JFET Aves 
MFE2010 N JFET 2N5434 NF585 N JEET ON4859 PN4393-18 N JFET Bes 
| MFE2011 N JFET 2N5433 NF4302 N JFET PN4302 PN4416 N JFET helas 
MFE2012 N JFET 2N5432 NF4303 N JFET PN4303 PNS163 N JFET 
MFE2093 N JFET 2N4341 NF4304 N JFET PN4304 PF510 P JFET 2N5018 
PF511 P JFET 2N5014 
MFE2095 N JFET 2N4339 NF4446 N JFET 2N5433 
SD211DE ND MOS ENH SD211DE 
MFE4007 P JFET 2N2609 NF 4447 N JFET 2N5432 
SD212DE ND MOS ENH SD212DE 
MFE4008 P JFET. 2N2609 NF4448 N JFET 2N5433 ENH 
SD214DE NDMOS ENH SD214DE 
MFE4010 PrEEa 2N3330 NF5457 N JFET 2N5457 
MFE4011 2N3330 NF5458 N JFET 9N5458 $D215DE $D215DE 
MFEA012 2N3331 NF5459 N JFET 2N5459 SU2078 U425 
MK100 2N4416 NF5484 N JFET 2N5484 SU2079 U425 
MMF1 2N3921 NF5485 N JFET 2N5485 $U2098 eN5197 


MMF2 | 2N3921 NF5486 N JFET 2N5486 SU2098A 2N5197 
MMF3 2N3921 NF5555 N JFET 2N5555 SU2098B 2N5196 
MMF4 2N3921 NF5638 N JFET 2N5638 SU2099 2N5197 
MMFS 2N3921 NF5639 N JFET 2N5639 SU2099A 2N5197 
MMF6 2N3921 NF5640 N JFET 2N5640 SU2365 U401 
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FET Cross Reference (Cont'd) 


Industry Type and Recommended 
Part Number Classification Replacement 


Industry Type and Recommended 
Part Number Classification Replacement 


Industry Type and Recommended 
Part Number Classification Replacement 


SU2365A DN U401 TN4341 N JFET 2N4341 U290 
SU2366 DN JFET U402 TP5114 P JFET 2N5114 U291 N JFET U291 
SU2366A DN JFET U402 TESTS P JFET 2N5115 U295 N JFET U295 
$U2367 DN JFET U403 TP5116 P JFET 2N5116 U296 N JFET U296 
SU2367A DN U403 U110 P JFET 2N2609 U300 P JFET 2N5114 


SU2368 JET 404 U112 P JFET 2N2609 U301 P JFET 2N5115 
SU2368A ‘EET U404 U133 P JFET 2N2609 U304 P JFET U304 
S412369 EET 405 U146 P JFET 2N2609 U305 P JFET U305 
SU2369A EET W408 U147 P JFET 2N2609 U306 P JFET U306 
S12410 \ (aoa U148 P JFET 2N2609 U308 N JFET U308 


$U2411 J U425 U149 P JFET 2N2609 U309 
$U2412 JFET U426 U168 P JFET 2N2609 U310 N JFET U310 
T05902 JFET 2N5902 U182 N JFET 2N4857 U311 N JFET U311 
TD5902 JFET 2N5902 U183 N JFET 2N3824 U320 N JFET U290 
TD5902A J 2N5902 U197 N JFET 2N4339 


U321 N JFET U291 
TD5903 DN 2N5903 U198 N JFET 2N4340 U322 N JFET U290 
TD5903A DN JFET 2N5903 U199 N JFET 2N4341 U401 DN JFET U401 
TD5904 DN JFET 2N5904 U200 N JFET 2N3970 U402 DN JFET U402 
TD5904A DN JFET 2N5904 U201 N JFET 2N3971 U403 DN JFET U403 
TD5905 DN 2N5905 U202 N JFET 2N3972 
JFET U404 
TD5905A DN JFET 2N5905 U221 N JFET 2N4391 
TD5906 DN JFET 2N5906 U222 N JFET 2N4391 
TD5906A DN JFET 2N5906 U231 DN JFET U231 
TD5907 DN JFET 2N5907 U232 DN JFET U232 
TD5907A DN JFET 2N5907 U233 DN JFET U233 


TD5908 DN JFET 2N5908 U234 DN JFET U234 
TD5908A DN JFET 2N5908 U235 DN JFET U235 
TD5909 DN JFET 2N5909 U240 N JFET 2N5432 
TD5909A DN JFET 2N5909 U241 N JFET 2N5433 
7059114 DN JFET 2N5911 U242 N JFET 2N5432 


TD5911A DN JFET 2N5911 U243 N JFET 2N5433 
705912 DN JFET 2N5912 U248 DN JFET 2N5902 
TD5912A DN JFET 2N5912 U248A DN JFET 2N5906 
TIS14 N JFET 2N4340 U249 DN JFET 2N5903 
TIS25 DN JFET U401 U249A DN 2N5907 


TIS26 DN JFET U402 U250 DN JFET 2N5904 
TIS27 DN JFET U404 U250A DN JFET 2N5908 
TIS41 N JFET 2N4859 U251 DN JFET 2N5905 
TIS58 N JFET J305-18 U251A DN JFET 2N5909 
TIS59 DN JFET U1837 U254 N JFET 2N4859 


TIS73 N JFET PN4391-18 U255 2N4860 

TIS74 N JFET PN4392-18 U256 N JFET 2N4861 

TIS75 N JFET PN4393-18 U257 DN JFET U257 

TIS88 N JFET 2N5486 U273 N JFET 2N4118A U1179 N JFET 2N3821 
TIXS41 N JFET 2N4859 U273A N JFET 2N4118A 


U1180 N JFET 2N4221A 


TIXS42 N JFET PN4393-18 | U274 2N4119A 
TN4117 N JFET PN4117 U274A N JFET 2N4119A Wee ae eee 
U1182 N JFET 2N3821 
TN4117A N JFET PN4117A U275 N JFET 2N4119A 
U1277 N JFET 2N4339 
™N4118 N JFET PN4118 U275A N JFET 2N4119A 1978 Ngee aWete 
TN4118A N JFET PN4118A U280 DN JFET U231 


™N4119 N JFET PN4119 U281 DN U231 U1279 N JFET 2N4340 
TN4119A N JFET PN4119A U282 DN JFET U232 U1280 N JFET 2N4339 
TN4338 N JFET 2N4338 U283 DN JFET U232 U1281 N JFET 2N3822 
TN4339 N JFET 2N4339 U284 DN JFET U233 U1282 N JFET 2N4341 
™N4340 N JFET 2N4340 U285 DN JFET U234 2N4340 
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Industry Type and Recommended Industry Type and Recommended Industry Type and Recommended 
Part Number Classification Replacement Part Number Classification Replacement | Part Number Classification Replacement 


U1284 2N4341 P JFET 2N2609 UC751 N JFET 2N4340 
U1285 2N4220 N JFET 2N4339 UC752 N JFET 2N4340 
U1288 2N4341 N JFET 2N4339 UC753 N JFET 2N4341 
U1287 2N4092 N JFET 2N4340 UC754 N JFET 2N4340 
U1321 2N3966 N JFET 2N4339 UC755 N JFET 2N4341 
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U1322 2N4221A N JFET 2N4341 UC756 N JFET 2N4340 
a3 ON4221A N JFET 2N4416 UC805 P JFET 2N3331 
U1324 2N4220A N JFET 2N3824 UC807 N JFET 2N4860 
hos ON4222 N JFET 2N3824 UC814 P JFET 2N3331 
hae ON3821 N JFET 2N4416 UC851 P JFET 2N2608 


U1421 2N3822 N JFET 2N3822 UC853 P JFET 2N2608 
U1422 2N3822 N JFET 2N4869 UC854 P JFET 2N2608 
U1714 2N4340 N JFET 2N4869 UC855 P JFET 2N2609 
U1837E PN4416 N JFET 2N4091 UC1700 P MOS ENH 3N163 
N JFET 2N4392 UC1764 P MOS ENH 3N163 


U1897 U1897 UC2130 2N5452 
U1897-18 U1897-18 P JFET 2N2609 UC2132 2N3955 


U1897E U1897-18 P JFET 2N2609 
U1898 U1898 P JFET 2N2609 ae sheeee 
U1898-18 U1898-18 P JFET 2N2609 UC2138 °N3958 
P JFET 2N2609 
U1898E U1898-18 
U1899 U1899 P JFET 2N3331 mean feet 
U1899-18 U1899-18 P JFET 2N5116 UC2148 °N3958 
U1899E U1899-18 P JFET 2N3330 UC2149 °N3958 
P JFET 2N3329 VCRON VCRON 
U1994E PN4416 P JFET 2N5114 
U2047E PN4416 VCR3P VCR3P 
U3000 2N4341 P JFET 2N5116 VCR4N VCR4N 
U3001 2N4339 N JFET PN4416 VCR5P VCR5P 
U3002 2N4338 N JFET 2N4220 VCR6P 2N5116 
N JFET 2N4220 VCR7N VCR7N 
U3010 2N4341_ N JFET 2N4224 
U3011 2N4340 VCR11N VCR11N 
U3012 2N4338 N JFET 2N4860 WK5457 2N5457 
UC20 2N4341 N JFET 2N3822 WK5458 2N5458 
UC40 2N2609 N JFET J203-18 WK5459 2N5459 
N JFET 2N4416 
N JFET PN4416 
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FET Product Information 


Siliconix products are divided into three basic categories: 


Standard Products, Modified Standard Products, Custom Products 


Standard Products All the part numbers described in this catalog are standard products. A summary list of the 
prefixes used is shown below in the Device Identification Table. Ordering any of the stand- 
ard products is easily done by referring to the data sheet part number. For example, a 
2N4391 is simply ordered by that number: ‘’2N4391.”’ It will also appear in that form on 
the price lists, published separately. 


Examples of Modified Standard Products are: 


Electrical Specials Devices with either tightened, relaxed and/or special electrical specifications selected from 
a standard product. 


Mechanical Specials Devices with standard or modified electrical specifications mounted in non-standard pack- 
ages or modified (lead formed). standard packages. Modifications and/or additions to stand- 
ard marking are also considered mechanical specials. 


High Reliability Specials Siliconix has a number of standard High-Reliability screening options that can be ordered 
as standard products. These options include MIL-STD-750B. High-Rel process option de- 
tails will be found in the introductory section of this data book. In addition, Siliconix 
offers certain JEDEC-registered FETs with JAN, JANTX, or JANTXV processing. Refer to 
any current Siliconix OEM price list for details on specific part numbers. If existing screen- 
ing processes do not meet individual customer requirements, Siliconix can provide special 
additional inspections and controls to meet the stringent demands. | 


In all of the above cases (with the exception of JAN, JANTX, or JANTXV parts), a special part number is assigned 
which defines the part either by reference to customer’s print(s) or by associated special requirements. Each special 
product is proprietary to the customer, and is not made available to other customers. 


Custom Products Are designed to meet customer requirements not realizable by selection from standard 
parts; usually, these products require special engineering development. The proprietary re- 
lationship described above also applies to custom products. 


Inquiries for SPECIAL DEVICES may be directed to the nearest field sales office or to: 


FET Marketing Department, Siliconix incorporated, 2201 Laurelwood Road, Santa Clara, California 95054, 
Telephone: (408) 988-8000. 


FETs/Part Number Prefixes and Suffixes 


Pas 


< 
x 


Prefix 


European Transistor Standard 

Si Standard N-Channel Current Regulator 

Si Standard N-Channel Current Regulator 

Si Special DMOS FET 

Si Dual N-Channel JFET 
Si N-Channel JFET 

Si Standard Dual JFET Diode 

Si Standard TO-92 Cased FET Special TO-92 Cased FET 
Si Standard Current Limiter 

Diode TO-92 Cased FET 

Si Standard JFET Diode 

Si Standard JFET Diode 

Si Standard TO-92 Cased FET 


Si Standard DMOS FET 
Si Standard FET 


Si Standard N- and P-Channel 
: Voltage Controlled Resistors 


JEDEC-Registered Device 
JEDEC—Resgistered Device 


Suffix 


Tape and Reel available on TO-92 FETs. 


PROCESS OPTION 750B-MIL-STD 750 = -2 Contact Factory 
= -2A Contact Factory 
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FET Process Option Flow Chart 


Military Process 


Metal Can 
(Option -2) 


Preseal Inspection 
Method 2072 


Stabilization Bake 
Method 1031 
24 hour @ 200°C 


Temperature Cycle 
Method 1051, Condition C 
5 Cycles -65°C to +200°C 
@ Temperature Extremes, 
20 Cycles, 10 Min. 


Constant Acceleration 
Method 2006 
Y1 Axis 30,000 G 


Fine Leak 
Method 1071, Condition H or G- 
Maximum Leak Rate, 5 x 107 


Metal Can 
(Option -2A) 


Preseal Inspection 
Siliconix Visual #5201 


Stabilization Bake 
Method 1031 


24 hour @ 200°C 


Temperature Cycle 
Method 1051, Condition C 
5 Cycles -65°C to +200°C 
@ Temperature Extremes, 
20 Cycles, 10 Min. 


Constant Acceleration 
Method 2006 
Y1 Axis 30,000 G 


Fine Leak 
Method 1071, Condition H or G’ 
Maximum Leak Rate, 5 x 107 


Gross Leak Gross Leak 
Method 1071, Condition C Method 1071, Condition C 


Electrical Test 
to Static Parameters 
@ 25°C 


HTRB Burn-in 
| Method 1039, Condition A 
168 hour @ 150°C 


Electrical Test 
to Static Parameters 
@ 25°C 


Quality Conformance 

25°C Static LTPD=5 

-55°C Static LTPD=5 

150°C Static LTPD=5 

25°C 1 KHz Dynamic LTPD=10 
External Visual LTPD=5 

On Selected Parameters: 

Per QAP 1030 


Electrical Test 
to Static Parameters 
@ 25°C 


HTRB Burn-in 
Method 1039, Condition A 
168 hour @ 150°C 


Electrical Test 
to Static Parameters 
@ 25°C 


Quality Conformance 
25°C Static AQL .65% 
External Visual LTPD = 10 


On Selected Parameters: 
Per QAP 1030 


-2A Significant savings. 


Industrial Process 


Standard 
(Hermetic Package) 


Preseal Inspection 
Siliconix Visual #5201 


Stabilization 
Method 1031 
24 hour @ 150°C 


co 


| Temperature Cycle 

Method 1051, Condition C 

| 5 Cycles -65°C to +200°C 

| @ Temperature Extremes, 
20 Cycles, 10 Min. 


Fine Leak 
Method 1071, Condition H or G 
Maximum Leak Rate, 5 x 1078 


| Gross Leak 
Method 1071, Condition C as 


Electrical Test 
to Static Parameters 
,@ 25°C 


Quality Conformance 
25°C Static AQL .65% 
External Visual LTPD = 10 


On Selected Parameters: 
Per QAP 1030 


NOTES: Processing and test methods are MIL-STD750 unless specified otherwise 


Siliconix 


Standard 
(Plastic Package) 


Preseal Inspection 
Siliconix Visual #5201 


LIDUD MO}l4 UCHIAO SSed0ld 


Electrical Test 


to Static Parameters 
@ 25°C 


Quality Conformance 
25°C Static AQL .65% 
External Visual LTPD = 10 


On Selected Parameters: 
Per QAP 1030 


Additional Product Options for 


European Customers 


Additional Product Options for 
European Customers 


CECC 50 000 


CECC 50 000 is a European system of continuous product assessment intended to produce electronic components of 
assessed quality to specifications and procedures which conform to internationally recognized standards. Components 
produced under the system are accepted by all participating countries without further testing being necessary. 


At this time, member countries of the CECC are Belgium, Denmark, Germany, France, Ireland, Italy, the Netherlands, 
Norway, Sweden, Switzerland and the United Kingdom. 


Under this assessment scheme, devices are manufactured on an approved line to nationally approved specifications 
written in accordance with CECC rules. The manufacturer must comply with defined standards relating to organization, 
facilities and quality control procedures. 


Specific device types are individually qualified against a fixed detail specification which has been approved by the British 
Standards Institute acting as the national supervising agency on behalf of CECC. 


The CECC 50 000 scheme is administered in the UK by the BSI, and UK generated specifications are prefixed with the 
letters BS. 


A number of popular standard device types are now qualified and the following detail specifications are available: 


Type Number BS Specification 


2N3970/1/2 BS CECC 50012-001 
2N4091/2/3 BS CECC 50012-002 
2N4391/2/3 BS CECC 50012-004 
2N4856/7/8 BS CECC 50012-005 
2N4859/60/61 BS CECC 50012-005 
2N4856A/7A/8A BS CECC 50012-006 
2N4859A/60A/61A BS CECC 50012-006 
2N3821/2 BS CECC 50012-007 
2N3824 BS CECC 50012-008 
2N4220/1/2 BS CECC 50012-009 
2N4220/1A/2A BS CECC 50012-009 


Each of the approved types is now available with additional screening options, including high temperature reverse bias 
burn-in, of either 48, 72 or 168 hours duration. Screening details are appended to the detail specification and conform to 
appendix VI of the European Standard CECC 50 0000 ISSUE 3. 

Product is released with a BS CECC certificate of conformity and will have been submitted to: 


1. Group A sample inspection (lot by lot) 
quality assessment tests, assuring product conforms to electrical specification. 


2. Group B sample inspection (lot by lot) 
reliability tests, including package related tests and 168 hours electrical endurance, to identify potential early 
failures. 
3. Group C sample inspection (periodic—3 monthly) 
long term reliability tests including 1000 hours of high temperature storage and electrical endurance. 
Data from the inspection tests is available to the customer in the form of CTRs (certified test records). 


Manufacturing of BS CECC product is carried out at the Siliconix UK facility located in Morriston, Swansea SA6 6NE, 
South Wales 


In addition to BS CECC approved product, the Siliconix UK facility can provide internationally recognized high-reliability 
screening options on standard products. These include Mil-750B and custom screening options. 


JAN, JANTX or JANTXV processing for certain JEDEC-registered FETs can also be supplied. 


For additional information, enquiries may be directed to the nearest field sales office. 
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Die Process Information 


Siliconix is a large volume supplier of die to the hybrid industry. Both military and industrial grades are 
available. Screening includes 100% DC electrical probe and 100% visual inspection of each die. 


Physical Data 


@ Physical layout and dimensions are presented in the die topography section. 
Each die is passivated with approximately 8,000 angstroms of non-crystalline glass. 
@ All die are gold backed. Gold backing is approximately 1,500 angstroms thick. 


Die metallization is deposited aluminum approximately 12,000 angstroms thick. 
Standard thickness 0.008 + 0.002 in inches. 


Die Screening Criteria 


@ Probe Test Capability — Siliconix performs three classes of electrical tests. The first category is a group of tests 
that may be performed on a 100 percent basis in wafer form. Examples are pinch-off voltage VGS(off) and 
breakdown voltage BVgss. 


A second group consists of tests such as very low leakage |qgs where 100 percent testing is impractical, but 
sample testing may be performed. Generally, test time is the factor that renders these tests impractical on a 100 
percent basis. 


UOH|DULIOJU] SSOIO1d 91g 


Finally, there are those tests that cannot be performed unless a sample group of units are assembled for evaluation. 
Capacitance and differential voltage drift are two examples (On request only). 


The adjacent table summarizes our wafer probe test capability and serves as a guide line to your design needs. 
Actual testing condition and procedure may vary. For specific parameters and test conditions, refer to the 


appropriate data sheet. 
100% Wafer Sample Wafer Sample Test in 
Sort Capability Sort Capability Package Form 


TEST PARAMETER Condition Range Limit Range Limit Range Limit Range 


| cond. | min. [| Max. | min. [| Max. | Min. | Max. | Min. | Max. 
IGss,iGso,1oco__| ves | oo | 200v_ | to0pa | 1omua | _—«|_ospa| _—_—_—|_o.5pa 
* fio | 1o~a_| 100mA | soo0q | soya 
rip | so0pa | 100ma_| 
BVGSS, BVGDD, BVGSO | Ic | 100pA | 104A | oo |2ov | | |_| 
BVDSX, BVSOX Ce et EE en ee eee eae 
VDS (on) Ae Ee i ee ee ee Ee 
Delon) P10 | toua | tooma [1 ohm [tomohm [| [| [| | 
gts HAVGS: | | o.o1v | 
ae MEN TOMA ign (og on he 
Wea ie BE 3nv 300 nv 
én (constant VGS) WES Te Be ae Vaz | VJHz 
Migs d Waa et aoa. | 3nv 300 nv 
én (constant ID) JHz JHz 
EVDG, | | o.o1v | | 100v. | ‘ 
beget wea ripe eee fat osm | room | || some | 
age 
Pealgncs 
a O.1pF | _1000pF 
gfs1/gfs2 
IDSS1/IDSS2 
goss1-goss2 TESTS PERFORMED AFTER SAMPLE IS ASSEMBLED FOR EVALUATION 
CMRR, . 


A|Vgs1-VGS2|/AT 


QC Inspection *0.65 15 1.5 
AQL AQL AQL 


* all in die form not after Customer Assembly 
e@ Visual Criteria — Die are supplied with 100% visual sort to the criteria of MIL-STD-750 method 2072. 


Siliconix 1-13 


Die Process Information 


Die Process Information (Contd) 


Assembly 


Chips supplied in waffle packs normally do not require cleaning. Wafers should be cleaned after sawing or scribing, 
and fracturing. 

Chips should be handled with 2 vacuum pick-up with protected tip or with tweezers gripping the chip on its sides. 
When handling MOSFET chips, particularly non-gate protected types, steps must be taken to prevent damage by 
static discharge. In some extreme cases, handling precautions may be necessary for junction FET chips. 

Chips can be die attached either eutectically or by conductive epoxy when lower temperatures are necessary. Gold 
silicon eutectic occurs at temperatures between 385°C and 425°C. 


Bonding of wires from chip pads to posts can be achieved by thermocompression gold wire or ultrasonic aluminum 
wire bonded. 


Options 


@ SEM — Scanning electron microscope examination and control in accordance with MIL-STD-883 Method 2018 can be 
ordered on chips and wafers. 
Wafer qualification to unprobed parameters — sample testing of purchased chips to demonstrate capability to per- 
form at data sheet temperature extremes by use of LTPD techniques can be provided. 


@ Hot probe — Siliconix has a chip processor/distributor with hot probe capability available. 


Chip Packaging 


®@ Chips are packaged as individual die in the flat waffle carrier illustrated in Figure 1. The carrier has a cavity size 
adequate to allow ease of loading/unloading and also prevents die from rotating within the cavity. 


@ Standard carrier 20 x 20 (400 die) 


Chip and Wafer Processing 


7~ CARRIER TOP 


a 
Chips 
WAFER ac 


EROCESSING ELECTRICAL SAW 
VISUAL INSPECTION AND 
INSPECTION : FRACTURE 


QC Sample 


assembled for 
special testing 


LENS PAPER 


100", 
VISUAL 
INSPECTION 


WAFER 
CLASSIFICATION 
AND 


1 
1 
\ 
\ 
\ 
; OPTION 
\ 
\ 
\ 
ALLOCATION 1 
! 


— CARRIER BOTTOM 


ac 
VISUAL 
100% = 
ELECTRICAL Waters 


PROBE Oc 


INSPECTION 


PACKING AND SHIPPING 


NOTE: CARRIER TOP & BOTTOM SECURED BY CLIPS 
Figure 1 


fait Siliconix 


PC Board Layout and Construction for 
Low Leakage Applications 


In order to realize the full capability of these devices in cir- 
cuits that are sensitive to very low currents, considerable 
care should be exercised in PC board layout and construc- 
tion techniques. If proper care is not taken, board leakage 
currents can easily become much larger than the leakage cur- 
rents of the devices themselves, especially under conditions 
of high temperature and humidity. Excessive leakage currents 
can be produced by poor quality boards, socket leakage, poor 
board layout, imperfectly cleaned boards, or improperly 
applied or cured protective coatings. 


It is important to start with quality PC boards which have 
high resistivity and low susceptance to moisture. Boards of 
Teflon® or polycarbonate composition exhibit these at- 
tributes and are preferred. Glass-epoxy boards are less de- 
sirable because they will absorb moisture, and if used must 
be protected with a conformal coating. 


The use of sockets should be avoided wherever possible since 
the pin-to-pin isolation is often not great enough to prevent 
small leakage currents from occurring. These currents can 
significantly degrade device performance in low leakage 
applications. If sockets cannot be avoided use the highest 
quality available, preferably teflon. 


In laying out PC boards, care should be taken to keep pins 
and runs which are sensitive to very low currents away from 
pins and runs which will be at significantly higher or lower 
voltages. The most common leakage current problems occur 
between pins sensitive to low current levels and nearby pins 
at or near one of the supply voltages. Thus, if the isolation 
between critical pins and nearby high or low voltage pins is 
increased, leakage is minimized. 


Teflon® is a registered trademark of DuPont. 


Siliconix 


In order to reduce leakage currents, it is very important that 
all PC boards and experimental breadboards be thoroughly 
cleaned with a solvent after construction. A recommended 
procedure is to wash each board in an ultrasonic cleaning 
bath of alcohol, trichloroethylene, or some other commercial 
solvent, and to blow dry with compressed air. The purpose 
of this is to remove all skin oils (the greatest cause of leakage 
in improperly cleaned boards), solder fluxes, and other films 
and residues left over from the construction process which 
can cause gross leakage problems and erratic device behavior, 
especially at temperatures above 85°C. 


For best results, the thoroughly cleaned boards should be 
protected against dirt, conductive films, and humidity by 
the application of a conformal coating. Urethane and Dow 
Corning’s R-4-3117 Silicone are easy to use and offer suffi- 
cient protection under most operating conditions. Epoxy 
results in a more durable coating but care must be taken to 
insure that it is cured properly; an improperly cured layer of 
epoxy will make the high temperature leakage problem 
worse. Union Carbide’s Parylene also results in a relatively 
durable coating. 


The ultimate leakage protection method consists of printed 
circuit metalization guard rings driven from a low impedance 
buffer amplifier whose output is at the same potential as the 
pin being protected. This completely eliminates board sur- 
face leakage at critical pins by removing any difference in 
potential, but it is difficult to implement due to the extra 
buffer amplifier required and the tight PC board metaliza- 
tion spacings encountered. 
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p-channel JFETs ets 


designed for arte Se Porfouniunce Cugses PC PD 


= General Purpose Amplifiers BENEFITS 
@ JAN Approved Version Available 


(NV) 609TNZ 


wv 


TO-18 
See Section 6 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain and Gate-Source Voltage (Note 3)......... 
Gate Current, Forward Biased (Note 1)............ 50 mA 
Total Device Dissipation (Derate 2 mW/°C) ....... 300 mW 
Storage Temperature Range ........... ase 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N2609 


Characteristic Test Conditions 


Ww 
j=) 
=) 


A VMGSi=iS0 Va DS OW, 
A Vegs=5V, Vps= 0, Ta = 150°C 


| Gate Reverse Current 
GSS (Note 2) 


w 
[o) 
4S 


3 Cc 


Gate-Source Breakdown 
Voltage 


w 
ros) 
< 


BVGss Ig= 1HA, Vps=0V 


Gate-Source Cutoff 
Voltage 


VGS(off) Vps=-5V,ID=1uUA 


Saturation Drain 


Vips=-6 Vives =01V 
Current 


IDSS 


oO aS wl ni 
Coe 1 Oe 


Common-Source 
Forward 


D 2500 imho Vps = -9V,VGs=0V = 1kHz 


Transconductance 


- Common-Source Input 
Ciss c 
apacitance 
| 
C}| NF Noise Figure 


"JEDEC Registered Data 

NOTES: 

1. Not JEDEC Registered 

2. 1Gss is JEDEC Registered at Ves =5 V 
3. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 


W 
j=) 


Y 
N 
A pF Vins =-5V,ME@gsdiV f= 140 kHz 
M 


‘ Vps=-5 V, Ves =0,RG=1MQ2 f=1kHz 


i} 


x oO 


is 
ow ro) 
< 


PD 


Siliconix 2a 


2N3819 


PREFERRED PART 2N5457 


n-channel JFET pe 
designed for ee 0 Performance Curves NH NRL 


See Section 4 
= General Purpose Amplifiers Panel 
® LOW COS 
# Analog Switching © Specified at 100 MHz 


e Automatic Insertion Package 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


DraingGate W oltage vues men ce ee ener: 25 V Plastic 


Drain-Source: Voltages. 4. )ea eae aa eee ee 25 V eee 


Reverse Gate-Source Voltage ................. -25 V 

Gate Curren len nee sedentary irene 10 mA 

Continuous Device Dissipation 3 
at (or Below) 25°C Free Air Temperature oF 
(Note sd) Wiese cer tre nreits escent ci cecte eenae te 200 mW e ‘ 

Storage Temperature Range........ -55°C to +150°C é 

Lead Temperature : : he 
(1/16” from Case for 10 seconds) ........... 260°C Goto 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Min | Max | Unit Test Conditions 
BVGss Gate-Source Breakdown Voltage fee ha ee iG =—1 vA, Vps*=0 


$s 
; 
I 

Cc 


Ipss Saturation Drain Current Vps = 15 V, Ves = 0 (Note 2) 
Vcs Gate-Source Voltage Vps = 18 V, Ip = 200 nA 


Gate-Source Cutoff Voltage 


ON ay; Rol n] — 


Common-Source Forward 
Transfer Admittance 


D Common Source Output 
Admittance 


Common Source Input 


9] A] Cisg 
M Capacitance 

10 | Common Source Reverse 
Cc Transfer Capacitance 


Common Source Forward 
Transfer Admittance 


f = 100 MHz 


* JEDEC registered data 
NOTES: 


1. Derate linearly to 125°C (free air temperature at a rate of 2 mW/°C). 
2. Pulse tested pulse width = 100 ms, duty cycle < 10%. 


ry) Siliconix 


n-channel JFETs Be: 


Siliconix 


designed for cee Perfo nmence -Cunves NRL 


= Small-Signal Amplifiers BENEFITS 


& Oscillators : Serene from Fig) supe 


BVass > 50 V 


ECB8ENT CCSENT LZOSENZ 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) . . . -50V eet 3 
Garecurrent. oo ek OMA 
Total Device DieSostion s at 6 Meiew) 25°C 

Free-Air Temperature (Note 2) .... . . 300mW 


D 
Storage Temperature Range ..... . -65to+200°C 
Lead Temperature ° 
(1/16 from case for 10 seconds) .... . . 300°C s 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


ae 
feud 
geo 


Test Conditions 


Vgs = -30 V, Vps = 0 - 
GS DS aie 


Ig =-1 HA, Vps = 0 


Characteristic 


IGSsS Gate Reverse Current 


r BVGsSs Gate-Source Breakdown Voltage 
2 VGS(off) Gate-Source Cutoff Voltage 


' 
j=) 
1 
o 
oa 


' 
o 

1 1 
Roe Bo) 


Vps = 15V,Ip =0.5nA 
Vps=15V, Ip = 50 uA 
Vps = 15 V, Ip = 200 nA 
Vps = 15 V, Ip = 400 uA 
mA Vips = 15 V, Vesi= 0 


f = 1 kHz 


6500 3,500 6,500 


3,200 


Common-Source Forward 1500 4500 3000 
Transconductance (Note 3) 
Common-Source Forward 1500 3000 


Transadmittance 


f = 100 MHz 


Common-Source Output 


Conductance (Note 3) Oo e tay Go pity bane: 


Common-Source Input 
Capacitance 


U0 


e Cc 
|2 
iS 


Common-Source Reverse Transfer 
Capacitance 


V.D Sisal OIMAGSisn0F 
Rgen = 1 meg, BW = 5 Hz 


Vps = 18 V, Ves = 0, BW=5Hz 


Noise Figure 


Equivalent Short-Circuit Input 
Noise Voltage 


I 
w N 
Nh on on 


*JEDEC Registered Data. 


NOTES: 

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 175°C free-air temperature at rate of 2 mw/°C. 

3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 


Siliconix 933 


n-channel JFET 


designed for... 


2N3824 


m High Speed Commutators 
m Choppers 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) -50 V 
Gate Current 10 mA 
Total Device Dissipation at a Below) 25°C 

Free-Air Temperature (Note 2) . 300 mW 


Storage Temperature Range —65 to +200°C 


Lead Temperature 


(1/16 from case for 10 seconds) 300°C 


Characteristic 


IGss Gate Reverse Current 


BVGss Gate-Source Breakdown Voltage fabocehare 


ID (off) Drain Cutoff Current 


Tds(on) Drain-Source ON Resistance 


aay Ww 


Crs5 Common-Source Reverse Transfer Capacitance 


*JEDEC registered data. 
NOTES: 


2. Derate linearly to 175°C free-air temperature at rate of 2 mW/°C. 


2-4 Siliconix 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


pe wn Ea 


[pier ra ae 
Vps= 15 V, Ves =-8 V 


Ciss Common-Source Input Capacitance ie a ee Vps si15.V.VGSs0 
eee ler 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 


psy 
Performance Curves NRL 
See Section 4 


BENEFITS 


@ Low Insertion Loss 
rds(on) < 250 QQ 

® High Off-lsolation 

ID(off) <0.1nA 


TO-72 
See Section 6 


Test Conditions 


Ig =-1uA, Vps=0 


= 1 MHz 
NGS F oe 


NRL 


dual n-channel JFETs _S 


Siliconix 


designed for © © @ Performance Curves NNR 


See Section 4 


& Differential Amplifiers BENEFITS 


® Minimum System Error and Calibra- 
tion 
5 mV Offset Maximum (2N3921) 
® Simplifies Amplifier Design 
Low Output Conductance 


TO-71 


See Section 6 
| *ABSOLUTE MAXIMUM RATINGS (25°C) hy ch 
Gate-Drain or Gate-Source Voltage ............... -50 V 
IMEC PLR MMS thy. oh abe 6 Sbaiys. ceaidare bre WE ewe Niall ee 50 mA 
Total Device Dissipation 
‘Deratet.7:mW/"G'to 200°C) bes ea 300 mW 


Storage Temperature Range.............. 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise aes 


Characteristic Test Conditions 


| Gate Operating Current j = 
: ie Oe OG co ed 100°C 


‘| Ipss Saturation Drain Current (Note 1) spf Vps = 10 V; VGs=0 
Ofs Common-Source Forward Transconductance (Note 1) ree or 7500 


1 
| Gate Reverse Current Ves = -30 V, Vps =0 
a ae il GOPEIN le 
3/8 LBVDGO._Drain-Gate Breakdown Voltage Drain- LBVDGO._Drain-Gate Breakdown Voltage Breakdown Voltage (a eae ea be Ip =1HA, Ig =0 
T a a 
41, |VGSloft) Gate-Source Cutoff Voltage ae dead Cb hil eS ok | Vps=10V,Ip=1nA 
Beh VES Gate-Source Voltage -0.2 Vps = 10 V, Ip = 100 whA 
6|! -250 pA 
are : (pes Saat be a al ac ee eT 
8 
9 


10 | D |} gos Common-Source Output Conductance Porat tT Teta Suisse Poe a NO 

11 Mi Cjss Common-Source Input Capacitance Olen Bale ee Dei wyiGs f= 1 kHz 
12 x Crss Common-Source Reverse Transfer Capacitance 1S ae A a 

13 i Ofs Common-Source Forward Transconductance oe aielee ee 700 0A | -fo-1- HE 
14 Sos Common-Source Output Conductance . DG* De 

15 NF Spot Noise Figure ois aR Vps=10V,VGs 0 ee Hc 


| 2N4084 | 2n408s 


Characteristic ai tianene Tax | Min [Max | ~ 
16 IVGsi-VGs2!' Differential Gate- Suuics Voltage PRP R t= 


" ANrei-V | Gate-Source Differential Voltage = 
17 et pacha mS SE Change with Temperature 10 25 10 25 re re VpG = 10V, 
(Note 2) Ip = 700 pA | 1B = 
18 Pr Sts4 Transconductance Ratio 1.0 
9f52 (Note 3) 


*JEDEC registered data. NNR 
NOTES: 

1. Pulse test duration = 2 ms. 

2. Measured at end points, Ta and Tp. 

3. Assumes smaller value in numerator. 


Test Conditions 


Siliconix 2-5 


SSOUNZ VSOVNZ CC6ENT LC6ENT 


PREFERRED PART 2N5196 


2N3954 2N3954A 2N3955 2N3955A 


matched dual aX. 
n-channel JFETS —— tettermnecorvernor 
designed for a BENEFITS 


® High Accuracy & Stability 
Offset Less Than 5 mV (2N3954, 54A) 


m Low and Medium Frequency Drift Less Than 5 uV/°C (2N3954A) 
H H Hy @ Wide Dynamic Range 
Differential Amplifiers a Sealed OV eee 
et High Input @ Low Capacitance 
Cigg < 4 pF 


Impedance Amplifiers 


TO-71 
ABSOLUTE MAXIMUM RATINGS (25°C) 2 bs a 

Any Case-lo- Lead Voltage: surninn eee re +100 V ; 

Gate-Drain or Gate-Source Voltage .............. . -50V Gy G2 

Gate:To-Gate Voltage . 1 i979 80a ea +100 V 

Gate; Carrentiad te ty cb. Gbeeks Howe chats ee cna .. 5OmMA $10 OS2 


Total Device Dissipation 85°C (Each Side)....... . 250 mw 


Case Temperature (Both Sides)....... 500 mW 
Power Derating (Each Side) ............... 2.86 mW/°C 
(BothiSides)e5) oe. Souereen ens 4.3 mW/°C 
Storage Temperature Range ............. -65 to+ 200°C oi 
Lead Temperature (1/16” from case for 10 seconds) . . . 300°C Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic (ES Sees Test Conditions 


lt Com tnoverencimrane af pL Ps Vigs = -30 V, 3 
2 GSS ate Reverse Curren eT Vveeeo eee 


Gate-Source Breakdown Vps=0, 

a] [evess SaaS i a 
Gate-Source Forward Vps=0, 

slvesn es i dD 


5 

+ -_ — _ — => 
St | vas nts SoUbd Wei bond SRE a eek [2 | 
7 | -0.5] -4.0 [| -0.5 | -4.0 | -0.5] -4.0 | -0.5] -4.0 | Ip = 200 HA 
a} ie re aver a NN Se MEAT PETC WN Le I BR TN TS 
i [ [250 [ [250 | [=280 [f= 280 [na] ip = 200na [Ta = 125°C 


Saturation Drain Vps=20V, 
11 Common-Source Forward aa 3000 ee ee 3000 7 3000 | 1000 | 3000 
12 Transconductance FOO! eee e160 ates med. 
13 Common-Source Output 35 35 B 
v Sos Conductance 
Common- Source Input 
Common- Source Reverse 
16 "|Cage Drain Gate Capacitance Drain-Gate [Cdgo ——=——rain-Gate Capacitance _| Pee ay te here er =O 
17 Comymon Source Spot vos= a M7 f= 100 Hz 
Noise Figure tee ea ye MQ 
Differential Gate VDS * 20V e 
#4 
esa aal el malo a oa 
Differential Gate-S 
(a ae eeetee 


G S f 
2111) aivGsi-Vasal Voltage Change with a Seen 


G Temperature 


23 Transconductance ad 
9fs1/9Fs2 (Note 1) | 0.97 | O97) 14012097 | e0 


* JEDEC registered data 
NOTE: 
1. Assumes smaller value in numerator. 


f = 1kHz 
f = 200 MHz 


f= 1 kHz 


f= 1MHz 


= 5.0 


T = 25°C to -55°C 
T=25 Cto125C 


f=1kHz 


NaP 


2-6 Siliconix 


matched dual ve LIN 
n-channel JFETs = sssumse"""” 
designed for @ a @ BENEFITS 


- @ Wide Dynamic Range 
m Low and Medium Frequency Ig Specified @ Vps = 20 V 


° e ege @ Low Capacitance 
Differential Amplifiers Cie, <4 pF 


& High Input Impedance Amplifiers ies 


*ABSOLUTE MAXIMUM RATINGS (25°C) See BectiOnie 


Any Lead-To-Case Voltage............ 00 ce wees +100 V 
Gate-Drain or Gate-Source Voltage i -50 V 
ate micaate VOILAGG ic be bbc a incls e eevee +100 V 
Gate Current .. 


0 tO 
De. 
m ¢) 
1 
fA 
9 Ul 
xg O 
oN 
me 4 
> oO 
e) 
Aun 
“ty 
ND 
Zw 
a5 
0 
Oo 
ro) 


Case Temperature 
Power Derating (Each Side) 
(Both Sides) 
Storage Temperature Range ... -65 to +250°C 
Lead Temperature (1/16’’ from case for 10 seconds). . . 300°C 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


| Gate Reverse Current Ves =-30 V, Vps =0 
GSS GS DS Tne 150°C 


Gate-Source Breakdown z a 
BVGss Voltage Vps =0V,IG=-1HA 


> | Ves(ort) Gate-Source Cutoff Voltage 0} -4. Vps = 20V, Ip=1nA 


; VGS(f) Gate-Source Forward Voltage : - : Vps=0V,IG=1mA 
Vps = 20 V, Ip = 50 uA 
Vps = 20.V, |p = 200 uA 


Gate Operating Current Vps = 20 V, Ip = 200 nA 
perating Ds D WA TT, = 128°C 


Saturation Drain Current : : Vps = 20 V, Ves =0 


VGSs Gate-Source Voltage 


f= 1 kHz 
f = 200 MHz 


Common-Source Forward 
Transconductance 


Common-Source Output 


Conductance f= 1kHz 


[co} 
° 
a 


Vps = 20 V, VGs =0 


Common-Source Input 
Capacitance 


OQ 
an 
wn 


Common-Source Reverse 
Transfer Capacitance 


Drain-Gate Capacitance VpG = 10V, Is =0 


Common-Source Spot Vps =20V, VGgs=0V, f= 100 Hz 
Noise Figure F Rg = 10 MQ 


Differential Gate Reverse ° 
7 = = = 125 
lig1-!Ga! Curent Vps = 20V, Ip =200uHA | T Cc 


M Saturation Drain Current 
A| 'Dss1/!DSS2__ Ratio (Note 1) Vps = 20V, Vas =0 
Ty 


QO-s>2<0 
i?) 
a 
nn 


i?) 
Qa 
ro) 
° 


Zz 
a 


Differential Gate-Source 


Cc 
H NVGsi-VGs2! Voltage 

° ° 
Gate-Source Voltage = =2 T=25 Cto-55 C 
AlVgs1-VGs2!_ Differential Change With Vps = 20 V, Ip = 200 nA 


N 
° ° 

s Temperature T=25 Cto 125 C 

9f51/9fs2 Transconductance Ratio : f=1kHz 


(Note 1) 


* JEDEC registered data 
NOTE: 
1. Assumes smaller value in numerator. 


Siliconix 9-7 


2N3970 2N3971 2N3972 


n-channel JFETs orgie 


designed for... Performance Curves NCA 


= Analog Switches BENEFITS 
h ®@ Low Insertion Loss 
= Choppers rDS(on) < 30 2 (2N3970) 
° ge ® Good Off-lsolation 
= Amplifiers ID (off) < 250 pA 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage ......... 


Gate Gurrentyy! es canes Paya Veen. Sates (iM ees 50 mA 
Total Device Dissipation at 25°C Case Temperature 
CNOTROT TILES Bs k ISN re On eae 1.8 W D 
Storage Temperature Range .............. —65 to +200°C 
Lead Temperature cS ie 


(1/16"-from-case for 60 seconds) :: si = ose oe ee 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


aracteristic es onaitions 
Patino | in [Me 
[avess | GaeRomeseorionvore [<0] [0] | of |v [ie=-1sa.vos=0 


_ 


| fear feteos| ff zane] f= =| i280 | pA ae 

| paso Peso T0 oco,vag 

BIA | VGS(oft) Gate-Source Cutoff Voltage | Gate-Source Cutoff Voltage hy vy Ca |v | vps = 20V,IpD=i1nA 
Ls Saturation Drain Current 

7 ‘ IDSS (Pulsewidth 300 us, duty cycle < ae ete ee Vos = 20V, Ves = 0 


8 IpD= 5mA 
9 VDS(on) Drain-Source ON Voltage a Ves =0 Ip =10mA 
10 Ip =20mA 


11| [Fosten) Site Orinsoues ON Remove | | || || Wo] @ | vos=0.=1mA 


Ciss Common-Source Input Capacitance eS ee | ee Vps = 20 V, Ves =0 
pF f= 1 MHz 
Common-Source Reverse Transfer 


VpD = 10 V, VGSs(on) = 9 
15 eres Turn-On Delay Time 10 ID(on) RL VGS(off) 


=_<O 


ce TP Rise Times peta PLETE Tl yO eee el Ten 2N3970 20mA 4502 -10V 


loff Turn-Off Time 30 2N3971 10mA 8502 -5V 
2N3972__5 mA _1.6KQ - 3V 


Vpp -V NCA 
“JEDEC registered data. R= ay=120-Yoson 
D(ON) INPUT PULSE SAMPLING SCOPE 
NOTE: VIN js) «(Your RISE TIME 0.25 ns RISE TIME 0.4 ns 
; oO Rg FALL TIME 0.75 ns INPUT RESISTANCE 10M, 
1. Derate linearly at the rate of 10 mW/ C. {soa | PULSE WIDTH 200ns__ INPUT CAPACITANCE 1.5 pF 


PULSE RATE 550 pps 


2-8 Siliconix 


Bis 


n-channel JFETs 


Siliconix 
designed for... See Section @ 
BENEFITS 


= Analog Switches 

=& Commutators 

= Choppers 

= Integrator Reset Switch 


® Low Insertion Loss 
High Accuracy in Test Systems 
'DS(on) < 30 2 (2N4091) 
® High Off-lsolation 
ID(off) < 200 pA 
® High Speed 
trise < 10 ns (2N4091) 
® Short Sample and Hold Aperture Time 


: Crsg <5 pF 
* ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage......... -40 V TO-18 
Ge I a ne 10 mA uaatoteaimedied 
Total Device Dissipation at 25°C Case Temperature 

REMMI, OY) ye alate edo o. 6 40! bi'5 cow Woes PB oid 1.8 W 
Storage Temperature Range.............. -55 to +200°C D 
Lead Temperature 

(1/16” from case for 60 seconds).............. % 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


[anaoor[_anaooa | _anaooe | 
Cin [ax [in [Max | in | wa 


Characteristic Unit Test Conditions 


: IDGO Drain Reverse Current Say aoe oe VGs=-20 V,Isg =0 150°C 
4 se a | 
5 Nay A ae a engee = 
Ge (a oa ee a os nee | vos=- 8 
ental ne Ba ad Rast a Pe PT oe Poel 7 
afi OS A Fae 

9|7 arate ves 150°C 


—= 
Oo 


[aod | | 
C | VGS(off) Gate-Source Cutoff Voltage | -5| -10 | 2] -7 | -1] av | Vos =20V,Ip=1nA 


(Note 1) 


—s 
—_ 


12 Ip =2.5mA 
13 VDS(on) Drain-Source ON Voltage Ves =0 Ip=4 mA 
14 Ip =6.6 mA 


- 
ao 


pee te) GS-0, 11 mA 


= 
fp) 


D F 
17 Cj Common-Source Input Capacitance 16 16 16 Vps=20V,V =0 
x ISS = : : : . eed ee pF DS GS f=1MHz 
ommon-Source Reverse Transfer by we 
: Sees Sn 
Vv =3V,V =0 
; : ID(on) VGS(off) Re 
o|wl% Rietime | S| to] | | 40] om | onaoor = 6 6ma 12450 
21 toff Turn-OFF Time htt SE 700 
2N4093 25 -6 1120 
*JEDEC registered data. Yop NCA 


NOTE: 
1. Pulsewidth = 300 us, duty cycle < 3%. 


bay 


Siliconix 


¥ Vout 
! 
. § 


INPUT PULSE 


RISE TIME <1ns 
FALL TIME <1 
PULSE WIDTH 1 us 
PULSE DUTY CYCLE < 10% 


PULSE GENERATOR IMPEDANCE 5002 


SAMPLING SCOPE 
RISE TIME 04 ns 
INPUT RESISTANCE 10 
INPUT CAPACITANCE 1.7 pF 


XLNVP C60PNZ Z60PNZ L6OVNE 


Sa1u3aS L6OUNd LNIIVAINGS JILSV1d 


2N4117 2N4117A 2N4118 2N4118A 2N4119 2N4119A 


PREFERRED PARTS FN4117 SERIES, PLASTIC EQUIVALENT PN4117 SERIES 


n-channel JFETs meets 
designed for . . . Sota 


@ Ultra-High Input BENEFITS 
Impedance Amplifiers © Low Power 
Ipss < 90 uA (2N4117) 
Electrometers @ Minimum Circuit Loading 
pH Meters lass < 1 pA (2N4117A Series) 


Smoke Detectors 


TO-72 


*ABSOLUTE MAXIMUM RATINGS (25°C) rede peat 

Gate-Drain or Gate-Source Voltage (Note 1)........ -40 V 

Gate-Gurrentt,. parva tress sccm enslave areas lee eee 50 mA 

Total Device Dissipation 
{Derate, 2m. C totb7oy Cheeta. 0 cist, oie aes 300 mw ; 

Storage Temperature Range.............. -65 to +175°C G 

Lead Temperature G c 
(1/16’’ from case for 10 seconds).............: 255°C s P F 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N4117 2N4118 2N4119 
Characteristic 2N4117A 2N4118A 2N4119A Test Conditions 
a ee 


Min | Max | Min 
1 Gate Reverse Current Pet ni Ee ihe 
5 GSS 2N4117 Series Only Ms oe a fea ] 
IH a ee tar ola het ae an 
a|A GSS 2N4117A Series Only Pano ags-[ + {-26-] fae] na [or 1 DS = BORE 
5] | Biss aeons ation eager] an Ieee | 
71 | Ipss ee, Prater durrent 0.03 [0.09 0.08 }o24 | 0:20 | 0.60 | ma | Vps = 10 V, Veg =0 


Common-Source Forward 

8 D | Sfs Transconductance {Note 2) 210 } 80 | 260 | 100 

Y f=1kHz 
9|N Common-Source Output 3 5 

A Jos Conductance 

M Common-Source Input 
10) 1 | Ciss Capatitance 3 3 

” c S R Transf pF f=1MHz 

ommon-Source Reverse Transfer 
11] [Som 1 Sener rag > ae Ee 
NT 


* JEDEC registered data. 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. This parameter is measured during a 2 ms interval 100 ms after power is applied. (Not a JEDEC condition.) 


Siliconix 


n-channel JFETs 


designed for... 


= Small-Signal Amplifiers 
= VHF Amplifiers 

m Oscillators 

= Mixers 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) ........ -30 V 
ROG Us, oy a. crate c ayegeras erniss'avitr'a, Mifare Siete 10 mA 
OUT SEU SSSR i es a cn 8 ee 15 mA 
Total Device Dissipation at (or below) 25°C 

Free-Air Temperature (Note 2) .............. 300 mW 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature 

ijt trom case for 10:'seconds)....2......-.. 300°C 


Ds f 


Siliconix 


Performance Curves NRL 
See Section 4 


BENEFITS 
@ High Gain 
@ Low Receiver Noise Figure 


TO-72 
See Section 6 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N4220, 2N4221, 2N4222, 
Characteristic aera Sinaia ee Test Conditions 


_ 

! 
=) 
_ 

i 
| 
= 

1 
oO 
sok 


| Gate Reverse Current : Ves =-15V, Vps=0 = 


2 
[ascites Tat fate iG 10WAVos=0 
ee ag] SEE eee 


For | 60 | 001 [201 [e001 [1600 | wal 


Saturation Drain Current ng 
| [es RS reef of ate =| = [rere 


Common-Source Forward 
7 Sfs Transconductance (Note 3) 1000 | 4000 | 2000 5000 2500 | 6000 
Common-Source Forward 


f = 1kHz 


f = 100 MHz 


Y 
Common-Source Output Zs = 20k 
M 


10 C; Common-Source Input 
I ISS Capacitance E 
Cc p 
1 Cc Common-Source Reverse Transfer 
rss Capacitance 


f = 1 MHz 


12 Noise Figure, Only 2N4220A, 25 25 25 bak =15V,VGs=0 fenapo Le 
2N4221A, 2N4222A Rgen = 1 meg 


* JEDEC registered data. 
NOTES: 


NRL 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 


2. Derate linearly to 175°C free-air temperature at rate of 2 mw/°C. 


3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 


Siliconix 


COCUNZ VITCYNZ LOCVUNG VWOCCUNT OCCUNZE 


2N4223 2N4224 


n-channel JFETs ) ” ares 


designed for . . . Sectgranee mena 


= VHF Amplifiers BENEFITS 
@ Low Noise | 

=m Mixers NF = 3dB Typical @ 200 MHz 
@ Easy Tuning 


Crs < 2 pF 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-72 

Gate-Drain or Gate-Source Voltage (Note 1)........ -30 V Seo sectors 

Gate Gurrent 2a nee ee ieee rao cae oe serena ane ab 10 mA 

Drain: Gurrent\s se cits. es aoc: Re sales al. 20 mA 

Total Device Dissipation at (or below) 25°C 
Free-Air Temperature (Note 2) .............. 300 mW D 

Storage Temperature Range.............. -65 to +200°C A 

Lead Temperature g 
(1/16’ from case for 10 seconds).............. 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Test Conditions 


Characteristic eee 


fae eweeeerm fps rn a 


2 
[fener feet bar as 


| 
C 


ve) 


Cc Common-Source Reverse 
rss Transfer Capacitance 


10 ie} Common-Source Forward 
Yfs Transadmittance 


- Common-Source Input 
u Siss Conductance (Output Shorted) ie 800 aed | 800 umho Vps = 15 V, Vgg =0 
Common-Source Output 
12 Joss Conductance (Input Shorted) Mia a io cs 200 


13 Small }Gps_——Small Signal Power Gain. = Power Gain. Pa ais Pa eee 
14 NF Noise Figure Vps=15V,Vgs=0, 


*JEDEC registered data. 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 175°C free-air temperature at rate of 2 mW/°C. 

3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 


f = 200 MHz 


9-12 Siliconix 


n-channel JFETs 


designed for... 


# Small-Signal Amplifiers 
= Choppers 


# Voltage-Controlled Resistors 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) 
Gate Current . 
Total Device Dissipation (Note 2) 
Storage Temperature Range 
Maximum Operating Temperature 
Lead Temperature 
(1/16” from case for 10 seconds) 


5 


Siliconix 


Performance Curves NPA 
See Section 4 


BENEFITS 


® Low Noise 
NF < 1dB at 1 kHz 
@ Operation from Low Power Supply 
Voltages 
V GS(off) <1V (2N4338) 
® Simple Biasing Design with Tightly 
Specified Parameter Tolerances 
3:1 Ipss, Vp, g¢5 Ranges 
® High Off-lsolation as a Switch 
ID(off) < 90 pA 


TO-18 
See Section 6 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified) 


Characteristic 


IGss Gate Reverse Current 


Saturation Drain Current 
DSS (Note 3) 


abo ee he er 


Gate-Source Breakdown 
Gate-Source Cutoff 


Test Conditions 


IG =-1HA, Vos = 0 


Vps = 15 V, Ip =0.1 A 


jm | Vps= 15 V5 VGs=0 


Ip (off) Drain Cutoff Current ge ici tl My i IMAL 
(-5) (-5) a Ves = ( 


Drain- Source ON 


A C; Common-Source Input 
AE) Capacitance 


foe | os] 1s] 12] a6] 3 
a Er deed ialabatt 1800 | 800 | 2400 | 1300 |3000 | 2000 | 4000 
Transconductance (Note 3) 
Common-Source Output 15 
Conductance 


uumho | Vps = 15 V, Veg = 0 


v 


Common-Source Reverse 


ee oc conn ts 
C iS Transfer ee oc conn ts 


Vps = 15 V, Veg = 0 


Vps=15V,VGs=0 
Noise Figure 
Rgen = =1 meg, BW = 200 Hz]f = 1 kHz 


*JEDEC registered data 
NOTES: 


NPA 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 


2. Derate linearly to 175°C free-air temperature at rate of 2 mW/°C. 


3. These parameters are measured during a 2 msec interval 125 msec (Ipss) and 625 msec (gfs) after d-c power is applied. 


(Not a JEDEC condition.) 


Siliconix 


2-13 


LVEVNZ OVEVNZ 6CCVNZ SECVNCE 


2N4391 2N4392 2N4393 


PREFERRED PARTS FN4392 SERIES, PLASTIC EQUIVALENT PN4391 SERIES 


n-channel JFETs 


designed for... 


= Analog Switches 

= Commutators 

m Choppers 

@ Integrator Reset Switch 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


ps 
Performance Curves NCA 
See Section 4 


BENEFITS 


@ Low Insertion Loss, High Accuracy in 
Test Systems rps(on) < 30 £2 
(2N4391) 
No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 


© High Off-Isolation Ip(off) < 100 pA 


@ High Speed toy < 20 ns 
Reverse Gate-Drain or Gate-Source Voltage ......... —40 V mer 
Gate CUTER Mara) cacti ic tet me oi ers seen mets 50 mA See Section 6 
Total Device Dissipation at 25°C Case Temperature 
(Denate st OWA) ates Mette? 0's cys <i A 1.8W 
Storage Temperature Range .............. —65 to +200°C 
Lead Temperature 
(1/16” from, case, for GO.seconds)............ GaP... 300°C 
G,c 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise = D ‘ 


Characteristic 


i [me 
fm eons ttf Pte 
- - - n 


Test Conditions 


1 
=oo => 
2 eS Uta ies 150°C 
4 ee es Smee. Ean a, 
5 ae genes anes 7 “2% [asst 
. 6 100 
71s ID (off) Drain Cutoff Current oa Vps =20 V Fves=-7¥ | ree alee 
ali bi BE SSR ee [veg=-12¥ 
9|T Seated uas aie ei aT a 150°C 
o| [esis Govt waver [T+ fa] (GIA VoS=0 
| (os seme ol wal of of oleae 
13 ibe [contre tate f dein ng Bll 0.4 Ip = 3mA 
14 VDS(on) Drain Source ON: Voltage eS a ar Ve6s=0 Ip =6mA 
15 acta oca|) 100 ah i= 12 mA 
17] | raston) _DrainSouree ON Resitance | | 30] | of | 100] 9 | vos=0,1p=0 Tete 
18] p | Cige —_Common-Souree input Capacitance | [v4] sa] | 14 
19] ¥ 35 
70 N Cc Common-Source Reverse Transfer p+ +t 4] or Vv 0 1 MHz 
TSS Capacitance DS* GS* 
21 ie Es RA a 
22 aoe Turn-ON Delay Time Oe Or Ee a aS mae 10 V, VGS(on) = 
23 scree 2 Ris Time yn ainda DPSS a Pek mb pps a8 ID (on) VGS(off) RL 
24] | taloth_Turn-OFF DelayTine | | 20] | as] 60] | 2naaor t2ma 12 
ee a ee 
2N4393 3 -5 
VDD 
NCA 
* JEDEC registered data. 51.23 1000 pF 
—- VouT 
NOTE: RL = (el 512 
1. Pulse test required, pulse width = 300 us, duty cycle < 3%. PULSE 'D(on) 
rik INPUT PULSE SAMPLING SCOPE 
IN 
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RISE TIME < 0.5 ns 
FALL TIME < 0.5 ns 
= PULSE DUTY CYCLE 1% 


RISE TIME 0.4 ns 
INPUT RESISTANCE 50 2 


Siliconix 


n-channel JFETs 


designed for... 


m@ VHF Amplifiers 
# Mixers 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage, 2N4416 
Gate-Drain or Gate-Source Voltage, 2N4416A 
Gate Current 
Total Device Dissipation (Derate 1.7 mW/°C) 
Storage Temperature Range 
Lead Temperature 

(1/16” from case for 60 seconds) 


Daf 


Siliconix 


Performance Curves NH 
See Section 4 


BENEFITS 
® Low Noise 
NF = 3 dB Typical at 400 MHz 


@ Wide Band 
High gf./Cisg Ratio 


TO-72 
See Section 6 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IGss Gate Reverse Current 


BVGss Gate-Source Breakdown Voltage 


VGS(off) Gate-Source Cutoff Voltage 


N 
QO-4pP40 


army 
nv nn 


Ipss Saturation Drain Current (Note 1) 
Common-Source Forward Transconductance 

Go Common-Source Output Conductance 

- Cress Common-Source Reverse Transfer Capacitance 

1 | Ciss Common-Source Input Capacitance _ 

7 Coss Common-Source Output Capacitance 


Characteristic 


Common-Source Output 
Conductance 


Common-Source Output 
Susceptance 


Common-Source Forward 
Transconductance 


Common-Source Power Gain 


<NO2mcomMmyaT IO—-=T 


Noise Figure 


* JEDEC Registered data 


NOTES: 
1. Pulse test duration = 300 us. 


Siliconix 


Test Conditions 


150°C 


pipes Ay 2N4416 
G Secs 2N4416A 


2N4416 
2N4416A 


my Veg = 20, Mpg mov 
Boal ak GS , VDS 
V = 


Vps=15V,Ip=1nA 


3 
> 


7500 lumho 


umho 


Vps=15V,VG@s=0V 


Tn 


mn 


Test Conditions 


Vps=15V,VGgs=0V 


Vps=15V,Ip=5mA 
Vps = 15 V, Ip =5 mA, Rg = 1K Q 


NH 


OLVUNd LNIIVAINDS DILSW1d 
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VOLDUNZ SLVUNZG 


2N4856 2N4857 2N4858 2N4859 2N4860 2N4861 JAN TX 


n-channel JFETs sit rin 


Performance Curves NCA 


designed for... See Section 4 


# Analog Switches BENEFITS 
@ Low Insertion Loss and High Accuracy 
& Commutators in Test Systems 
'DS(on) < 25 &2 (2N4856, 59) 
m Choppers © High Off-Isolation 


ID(off) < 250 pA 


m Integrator Reset Switch ° Hich'Spced 


ton <9 ns 

*ABSOLUTE MAXIMUM RATINGS (25°C) 
Reverse Gate-Drain or Gate-Source Voltage, 

AN 4BSG-DBi4 ico saiutahede us) PONCE ie hstalue Wr an onulbe ns dana ame ke -40 V be 
Reverse Gate-Drain or Gate-Source Voltage, See Section 6 

ANAS OO RB Byes ci! wolile, MEAD cal Sw aE -30 V 
Gate: Gurren aes ale peewee gare AS tn 2 Ad UR Ra 50 mA 
Total Device Dissipation at 25°C Case Temperature 

(Derate/1O'mW/2C) Nie ee on nie ee ea 1.8 W D 
Storage Temperature Range..... A ANU ah -65 to +200°C : 
Lead Temperature a 

(1/16 ‘from ‘case for 10 seconds) . Waawiio cise cdane 300°C 5 os ! ! 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 2N4859 2N4860 2N4861 Test Conditions 
Se ee 
= Sea 
: s IGss Gate Reverse Current ia acta is bud tee ia a bie eas sb aedi 
: eee ete 3 


— 
=— 


VpS(on)  Orain-Source ON Voltage 


= 
NO 


—_ —_ 
~N [o>) 
cod 
° 
= 
4 
i= 
: 
2 
e) 
nN 
nN 
= 
3 
o 


Tds(on) Drain-Source ON Resistance 


Ciss Common-Source Input Capacitance 


Common-Source Reverse Transfer 
Capacitance 


td(on) Turn-ON Delay Time BE 


Vas = 0, 


13 


14 Crsg 


15 


4 10 | ns Vesin) 8 464 2, 2N4856, 59 
Rise Time Be (10) ia (ma) | GS(on) R= 1953 2, 2N4857, 60 
[-10] [-6] [v}] } Dlon) = 1910 2, 2N4858, 61 
req (1 
50 100 
a (10) (5) beady 
[-10] [6] [-4] | [v] 


NCA 
* JEDEC registered data. Vpp-Vpsi(on) 
D iy ID(ON) INPUT PULSE SAMPLING SCOPE 
NOTE: vin re RISE TIME 0.25 ns RISE TIME 0.75 ns 
1. Pulse test required, pulsewidth = 100 us, duty cycle < 10%. Rg s FALL TIME 0.75 ns INPUT RESISTANCE 1M 


502 PULSE WIDTH 100 ns INPUT CAPACITANCE 2.5 pF 
+ = PULSE DUTY CYCLE < 10% 


2-16 Siliconix 


n-channel JFETs win 


designed for... Performance Curves NCA 


= Analog Switches BENEFITS 


® Low Insertion Loss and High Accuracy 
me Commutators in Test Systems 


'DS(on) < 25 82 (2N4856A, 59A) 
@ High Off-lsolation 


= Choppers 


& Integrator Reset Switch ID(off) < 250 pA } 
@ Short Sample and Hold Aperture Time 
Crsg < 4 PF 
*ABSOLUTE MAXIMUM RATINGS (25°C) @ High Speed 
Reverse Gate-Drain or Gate-Source Voltage, ton <8 ns 
INAOIOR GOA oe SS ice sits LR we ees —40 V . 
Reverse Gate-Drain or Gate-Source Voltage, TO-18 
UME ca ek Ne —30 V airbase soit 
POR OME Gt. FE Oie dee cc Caves eles eee 50 mA 
Total Device Dissipation at 25°C Case Temperature 
PA ey a Ng ick hice! scidvnh lela a ship atta 1.8 W f 
Storage Temperature Range ............ —65 to +200°C 
Lead Temperature : 
(1/16 trom case -for.10 seconds)... 46 ec a 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N4856A 2N4857A 2N4858A 
Characteristic 2N4859A 2N4860A 2N4861A Unit Test Conditions 


: PEDAL Pe Qhien Meas | Mina, Max 

| | yece  Gate-Source Breakdown ses la a  Peeted a eee op e ELAR Seer 
m loss Gate Reverse Current (ell Ed oa ZOSie 159°¢ 
} a ee eee eee ea 
s}e ae af oh ip 


0.75 0.50 0.50 
in- N Vol =0/ Ip = 
11 VpbS(on) Drain-Source ON Voltage (20) (10) (5) [(mA) Mes OF lpia} 
V 
eee cra ete pe od aie 


13 ¥ | iss Common-Source Input Capacitance Common-Source | iss Common-Source Input Capacitance Capacitance 


Vps = 0; 
14 ‘ Common-Source Reverse Transfer ea ps2 ao Vaden 
= Capacitance 
15] $4 tg(on) Turn-ON Delay Time aa ne ot 
(-10] (-6] {V] 
3 eae ir ney 464 2, 2N4856A, 59A 
tr Rise Time (20) to PY nas Poulain: ( ) RL= 19532, 2N4857A, 60A 
[10] (4) | tv} |!Dlon) 1910 2, 2N4858A, 61A 
' Ves(off) = [1] 
20 
17 g | toff Turn-OFF Time (20) a et (ean 
{-10] ([-6] [-4] | [Vv] 


16 


2-roa4a-s 


NCA 
* JEDEC registered data. Vop 
R, - /DD-VDsiON) 
NOTE: 5 'D(ON) INPUT PULSE SAMPLING SCOPE 
1. Pulse test required, pulsewidth = 100 us, duty cycle < 10%. Vin Mec RISE TIME 0.25 ns RISE TIME 0.75 ns 
Rg s FALL TIME 0.75 ns INPUT RESISTANCE 1M 


502 i PULSE WIDTH 100 ns INPUT CAPACITANCE 2.5 pF 
= = PULSE DUTY CYCLE < 10% 


Siliconix 247 


VLOSUNZ VO9SUNZ VW6S8UNC 
V8S8UNZ VZSSYNZ VW9S8UNZC 


2N4867 2N4867A 2N4868 2N4868A 2N4869 2N4869A 


PIiWITNoI— 


n-channel JFETs Bie: 


Performance Curves NPA 


designed for... See Section 4 


m Audio and Sub-Audio BENEFITS 


Amplifiers @ Ultra Low Noise _ : 
En = 8 nVA/Hz Typical at 10 Hz 


€n = 2 nVA/Hz Typical at 1 kHz 


*ABSOLUTE MAXIMUM RATINGS (25°C) nthe 
Gate-Drain or Gate-Souce Voltage (Note 1) ... -40 V 
Gate Current or Drain Current ............... 50 mA 
Total Device Dissipation 
(DerateriaemW/EC ernie tc nets vse ee cirae 300 mW D 


Storage Temperature Range........ -65°C to +200°C 
Lead Temperature 
(1/16" from case for 60 seconds) ........... 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N4867 2N4868 2N4869 
Characteristic pias naa Hal Unit Test Conditions 


VGS(off).. Gate-Source Cutoff Voltage | -0.7 | 7 Se eee Sete Vps=20V,Ip=1HA 
Saturation Drain Current 
[es acs Feat a el mi 
6 Common-Source Forward 700 | 2000} 1000| 3000] 1300] 4000 
Transconductance (Note 2) 
umho 
7 Common-Source Output 15 
Conductance 
Vps = 20 V, Ves =0 
8 Cc Common-Source Reverse Transfer DS GS 
TSS Capacitance 
pF f= 1 MHz 


QO=—-ap40 


f= kHz 


D 
Yy 3 
. Common-Source Input 
9 N Ciss Capacitance mcm ee 
10] Pe ee) ite20| 2N4867 Series} 
ULE i Short Circuit Equivalent Input Vps = 10 V, |_2N4867A Series 
12 Noise Voltage 


Ves =0 2N4867 Series ; 
2N4867A Series 


Vps = 10 V, Vgs = 0 
20K, 2N4867 Series 
5 K, 2N4867A Series 


14 Spot Noise Figure vs 
Rgen ‘i 


*JEDEC registered data. 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Pulse test duration = 2 ms. 


2-18 Siliconix 


p-channel JFETs B 


Siliconix 


designed for sa aaa Performance Curves PSA 


See Section 4 


# Analog Switches BENEFITS 
® Low Insertion Loss 
=# Commutators DS(on) < 75 2 (2N5018) 


® No Offset or Error Voltages Generated 


by Closed Switch 
ey Chopper Ss Purely Resistive 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-18 
Reverse Gate-Drain or Gate-Source Voltage 


See Section 6 


ocoripmee aise ate me Voda. 2.) BON 
Gate Current... . ‘ Pete a) ig MONE, 0c DORAL 
Total Device Dissipation, cree! Air 
MbecrcagimwiGion Freoe. 2. . 2 500 mW s 
Storage Temperature Range .... . . -65to+200°C 
Lead Temperature 


(1/16” from case for GO seconds) ..... .. 300°C s Gc s 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Unit 


Characteristic Test Conditions 


IGss Gate Reverse Current Pee iedaiiaet| oie VGS ql OVA Vins 


IDGO Drain Reverse Current fingo Drain Reverse Curent Fp =F} 3 A 


Ny 0, Ip =-6 mA (2N5018), 
Static Drain-Source ON 


11 Tds(on) Drain-Source ON Resistance i RS 1 Ee a a pp ROE NKES = © f =1 kHz 


Common-Source Input 
i Vps =-15 V, Veg =0 
vs Capagitance Pat at a a f =1MHz 
| 13 C Common-Source Reverse 10 Vps = 0, Vgsg = 12 V (2N5018), 
iS Transfer Capacitance VGs =7 V (2N5019) 


14 eS “sion Turn-ON Delay Time Vpp = —6 V, Vgsion) = 0 


PSA 


— 


150°C 


oO;N]_ Ojo] |] wo] hy 


2<oO 


* JEDEC registered data. 


7.5K INPUT PULSE SAMPLING SCOPE 


NOTE ay 
1. Due to symmetrical geometry these units may be operated with x 


it RISE TIME <1ns RISE TIME 0.4 ns 
source and drain leads interchanged. 519 ¢ SAMPLING FALL TIME <1ns INPUT RESISTANCE 10 M& 
SCOPE $51 put SE WIDTH 100 ns INPUT CAPACITANCE 1.5 pF 


REPETITION RATE 1 MHz 


Siliconix 2-19 


6LOSNZ SLOSNZ 


2N5045 2N5046 2N5047 


monolithic dual 
n-channel JFETs 


designed for... 


= High Gain Differential 


Amplifiers 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage ............... -50 V 
Forward'Gate.Current oe eee Nees 30 mA 
Total Dissipation (25°C Free Air Temp.) ........ 400 mW 
Power Derating (to 175°C). ............000- 2.67 mW/°C 
Storage Temperature Range.............. -65 to +200°C 


Lead Temperature 


(1/16” from ‘case’ for 10'seconds)'.......2. 2... 300°C 


bs 


Siliconix 


Performance Curves NQP 
See Section 4 


BENEFITS 
® Minimum System Error and 
Calibration 
5 mV Offset Maximum (2N5045) 
@ Low Drift 
5 mV Drift Maximum (2N5045) 
TO-71 
See Section 6 
D, Do 
G4 G2 
$4 So 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic (Note 1) 


1 
$s 
B\ re Gate Reverse Current 
3/A 
+t 
41 1 | VGS(off) Gate-Source Cutoff Voltage 
5 Ipss Drain Saturation Current 
Common-Source Forward 
Sfs Transconductance 
od | Common-Source Forward 
Yfs Admittance 
D Common-Source Output 
¥ Jos Conductance 
A CG Common-Source Input 
iss 


M Capacitance 


— —_—_fi 
N —-}; oO ive) co ~N o 
Repo O48 zo Pale 


l 
clic Common-Source Reverse 
rss Transfer Capacitance 
NF Spot Noise Figure 
¢ Equivalent Short-Circuit 
n Input Noise Voltage 
13 llgss1-lGss2! Differential Gate Current 
14 + Ipss1/Ipss2.__— Drain Current Ratio (Note 2) 
15} A Differential Gate-Source 
16| 7 NGs1-Vesal Voltage 
Cc 
ala A\V VGso| Gate-Source Voltage 
18] || 0 S81 S82) Differential Drift (Note 3) 
19} GI g¢.4/a¢52 Transconductance Ratio 
(Note 2) 
20 ldos1-Sos2! Diff. Output Conductance 


*JEDEC registered data. 
NOTES: 


N 
2 
a) 
—) 
S 
N 


NO 
_ _ oO 


-250 


Pee 


4.0 


Test Conditions 


t 
! oO 
nm] s 
S| a 
5S 


Ves = -50 V, Vps = 0 V 


nA |Vgs=-30V, Vps =0V 
SS a T = 150°C 


Vps = 15 V, Ip =0.5nA 


f = 1 kHz 
mmho 
f = 100 MHz 
25 | umho f= 1 kHz 
Vps=15V,VGs=0V 
F f= 1 MHz 


f= 10 Hz, RG=1MQ 


f=10Hz 


nA |VGgs=-15V,Vps=O0V_ | Ta = 100°C 


VGs= OV, Vps= 15V_ 


SPbLb Beals 


Ip =50yuA 
Vps=15V p 

Ip = 200 vA 
Vps = 15 V, Ip = 200A, | Tg =-25 C 
Ta =25°C Tp = 100°C 


Vps =15V,Ip=200uA | f=1kHz 


NQP 


1. Individual FET characteristics. The terminals of the FET not under test are open-circuited for these measurements. , 


2. Assumes smaller value in numerator. 
3. Measured at end points, Ta and Tg. 
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Siliconix 


p-channel JFETs B2) 


Siliconix 


designed for... Performance Curves PSA 


@ Analog Switches ' BENEFITS 


@ Simplifies Series-Shunt Switching when 
= Commutators Combined with 2N4393, its N-Channel 
Complement 
Bg Choppers ® Low Insertion Loss in Switching 


Systems rps(on) < 75 & (2N5114) 


° @ Short Sample and Hold Aperture Time 
= Integrator Reset Switch OT AF 


® High Off-lsolation Ip(of¢) << 500 pA 


*ABSOLUTE MAXIMUM RATINGS (25°C) 
Reverse Gate-Drain or Gate-Source Voltage TO-18 


ee ae a ith abe ae tO einen 
Gate Current... . Ae vt MM MCR THES sO a6 PS 
Total Device Dissipation, fed: Air 
erate WIC) Seer. 6 LDP ote -5OOunW 3 
Storage Temperature Range ..... . -65to+200°C 
Lead Temperature " ! 
(1/16” from case for 10 seconds) . ... . . 300°C s Gc s 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


Es Unit Test Conditions 
“See gE ete 


ae Vps = —15 V, VGs = 12 V (2N5114) 
ID(off) Drain Cutoff Current Eh ae a ie etl rare 
{ee ae le See 
as _ernmonnsmns [> [= fn [| [oe a 


VGS(f) Forward Gate-Source Voltage HA WE NO | ae Ig =-1 mA, Vps =0 
V 


: V6s = 0, Ip = —15 mA (2N5114) 
VDS(on) Drain-Source ON Voltage -1.:3 


NO]! 


[o>] 


~ 


ee) 


© 


Ip = —7 mA (2N5115), Ip = —3 mA (2N5116) 


r ee Ve5=0,1p=-1mA 


C Common-Source Reverse Transfer Vps = 0, Mees = 12. V (2N5114) 
13 ice Capacitance 


coe ot Ves = 5 V (2N5116) 
Rise Time ee ee en a EVENTOS FET Vastoff 7 NI | 


| 2N5114_ | 2N5115 2N5116 
at td(on) Turn-ON Delay Time a -6V -6V 
15 
16] & | ‘aloft. Tun-OFF Dely Time ee ee ee ee Eee GAR Nel 
17 1h Fall Time 30 VGS(on) ) 0 
ID(on) -7mA -3mA 
PSA 
*JEDEC registered data. 
0.1 uF 
NOTES: Vin 
1. Due to symmetrical geometry these units may be operated with 51 af si INPUT PULSE — SAMPLING SCOPE 
source and drain leads interchanged. RISE TIME <1ns RISE TIME 0.4 ns 
< 39 i SAMPLING FALL TIME <1ns INPUT RESISTANCE 10 MQ 
oe (Oo He duty cycles 3%, SCOPE 251% puyi se WIDTH 100 ns INPUT CAPACITANCE 1.5 pF 


REPETITION RATE 1 MHz 


Siliconix 9-97 


(ONIGN3d NV) DLLSNZ SLLSNZ PLLSNZ 


2N5196 2N5197 2N5198 2N5199 


monolithic dual oy. 
n-channel JFETs Performance Curves NQP — 


See Section 4 


designed for eee BENEFITS 


@ Minimum System Error and Calibration 


@ Differential Amplifiers 5 mV Maximum Offset (2N5196, 97) 
@ Low Drift 
m@ FET Input Op Amps 5 wV/°C Maximum (2N5196) 


@ Simplifies Amplifier Design 
Low Output Conductance 


TO-71 
*ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


Dy D2 


Gate-Drain or Gate-Source Voltage ............... -50 V a a 
GaterGurren inn sows oats rts Seecanele a aletel ste 50 mA 
Device Dissipation (Each Side), Tp, = 85°C S10 Osp 
(Detatewpo.W/. GC) wits Ast. nig ee Cees 250 mW 
Total Device Dissipation, Tp = 85°C 
(Derate 4.3 mW /iC Leg atet ie: eae eco. cle ere 500 mW 
Storage Temperature Range.............. -65 to +200°C Sg [D2 || Ge 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


| Min | Max | Unit _| 


1 

2 nea a 

3|S}] BVGss _ Gate-Source Breakdown Voltage eg Ge IG =-1HA, Vps =0 

4 ‘ VGS(off) Gate-Source Cutoff Voltage -4 V_ | Vps=20V, Ip =1nA 
5/T| Ves Gate-Source Voltage 


I 
VpG = 20 V, Ip = 200 vA 
6/C] Ig Gate Operating Current ees bop | reed [POBRT BS Y i = 
Rie i Ps Ss PR | 125°C 
7 Ipss Saturation Drain Current acl poe riper | Vps = 20 V, Ve6s =0 
3 Ofs Common-Source Forward Transconductance | 1000 {| 4000 : Vps = 20 V, Ves = 0 
5 Common Source Forward Transconduct 7 [vpg=20V,1p=200u8 |, 
fs ommon-Source Forward Transconductance 1600 sano VpG = 20 V, Ip = 200 vA = Metz 
10] D} gos Common-Source Output Conductance Fri ips ie Ba Fe Vps = 20 V, Ves =0 
11 N dos Common-Source Output Coneuctence Steere tata VpG = 20 V, Ip = 200 uA 
12 Ciss Common-Source Input Capacitance OA Bt |b NS UE f=1MH 
13 M Crss Common-Source Reverse Transfer Capacitance [ane cea as i ‘ 


G = 
re 
15 Equivalent Short-Circuit Input Noise Voltage 


Characteristic rae aaa [nm on | Test Conditions 


; 2 VpG=20V, 
liat1- 125°C 
bi ease ral eas © eo sae ee Ip = 200 HA 


17 'pss1 Saturation Drain Current Ratio 
Ipss2 (Note 1) 


18 Sfs1 Transconductance Ratio 0.97 0.97 
r eee aS (Note 1) 
19 | VGsi-VGs2!__ Differential Gate-Source Voltage | Differential Gate-Source Voltage | 
A 
2 . AlVgs1-VGs2! Gate-Source Differential Voltage Sarat: iL vipaaem bre an 
——————_ Change with Temperature uv/?Cc 
= eer OE = 


* JEDEC registered data. NOP 
NOTES: 
1. Assumes smaller value in numerator. 


f= 1 kHz 


| - | vos=20v, ves~0v 


f= 1kHz 


VpG =20V,| Ta= 25°C 
Ip = 200 WA | Tg = 125°C 
Tp = -55°C 
Tg = 25°C 
f= 1kHz 


2. Measured at end points, Ta and Tg. 


2302 Siliconix 


n-channel JFETs 


designed for... 


=m Low ON Resistance 
Analog Switches 


= Commutators 

m Choppers 

@ Integrator Reset Capacitors 
m Low Noise Audio Amplifiers 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage 
Gate Current 


Total Device Dissipation at 25°C 
Free-Air Temperature (Note 1) 
Storage Temperature Range 
Lead Temperature 
(1/16” from case for 10 seconds) 


bs 
| Siliconix 
Performance Curves NIP 
See Section 4 


BENEFITS 
@ Low Insertion Loss 
'DS(on) < 9 82 (2N5432) 
@ Small Error in Measurement Systems 
VDS(on) < 50 mV (2N5432) 
® High Off-lsolation 
ID(off) < 200 pA 
@ High Speed 
td(on) <4ns 
@ Low Noise Audio-Frequency Ampli- 


fication 
@n < 2 nVA/Hz at 1 kHz Typical 


TO-52 
See Section 6 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IGss Gate Reverse Current 


| 
A D(off) 


QO; ay; PlTolnMo]— 


Saturation Drain Current 
(Note 2) 


~N 


IDSS 


rds(on) Drain-Source ON Resistance pee 


Citin [ Mx| in [Max | Min | Max 


“eT ee 

eee 

if Drain Cutoff Current Vps =5V,VGs =-10V 
ad Saas al 

[Wester GateSouree Overt Vora | «| 10] 3] 2] 4] 


re fom) fm forbes 


ou SSS te 1 ME RH Sie 
FVosion) DrainSource ONVortase || SO | of | tool mv | © 
i MS SS f= kHz 


Test Conditions 


Ig =-1 HA, Vps =0 


150°C 
| Vv 1Vps = 5V,Ip=3nA 


=10mA 


coe 
¢[ Sis Common sure mnstcaantnes | [90 [30] [a0 


Common-Source Reverse Transfer 
Capacitance 


td(on) Turn-ON Delay Time 


Crss 


*JEDEC registered data. 


-NOTES: 
1. Derate linearly at the rate of 2.3 mW/°C. 
2. Pulse test required pulsewidth 300 us, duty cycle < 3%. 


Vpp 


Ri = 


Siliconix 


Vps=0, VGs=-10V f= 1 MHz 
Pete tel” 


eth Wot | Mae 1] 1 

(Ce Te a GG 
Tsien) _TwrnoFFoeaytine Side] 
“ED 


Vpp =1.5V, 
VGS(on) = 9 
VGS(off) =-12 V, 
ID (on) =10mA 


145 2 (2N5432) 
RL = 143 Q (2N5433) 
140 Q (2N5434) 


NIP 


Vpp-Vps(ON) 
'D(ON) 


Vout 


INPUT PULSE 


RISE TIME 0.25 ns 
FALL TIME 0.75 ns 
PULSE WIDTH 200 ns 
PULSE RATE 550 pps 


SAMPLING SCOPE 
RISE TIME 0.4 ns 
INPUT RESISTANCE 10M 
INPUT CAPACITANCE 1.5 pF 


2-23 


Sa1uaS SOL LNJTIWAING! SILSW 1d 
VEVSNZ CEVSNZ CEVSNZ 


2N5452 2N5453 2N5454 


PREFERRED PARTS 2N5196 SERIES 


Daf 


matched dual 
n-channel JFETs 


designed for... 


Performance Curves NQP 
See Section 4 


m Low and Medium Frequency BENEFITS 
Differential Amplifiers @ Minimum System Error and Calibra- 
tion 


5 mV Offset Maximum (2N5452) 


* ABSOLUTE MAXIMUM RATINGS (25°C) @ Simplifies Amplifier Design 


Any Lead-To-Case Voltage... ce ee +100 V 
Gate-Drain or Gate-Source Voltage .......... Mi Paed! 
Gate-1.o-Gate Voltage os...) citeeBit. hate 


Output Conductance Less that 
1 umho 


TO-71 
See Section 6 


Case Temperature 


Power Derating (EachSide) .............: 2.86 mW/°C 
(Both Sides)iis eer fesse st .. 4.3 mw/°C 
Storage Temperature Range ...... bso ae S65 tot 25076 


Léad Temperature (1/16’’ from case for 10 seconds) . . . 300°C 


Common-Source Output 
Sos Conductance 


Common-Source Input 
Capacitance 


Common-Source Reverse 
Transfer Capacitance 


Drain-Gate Capacitance 


Equivalent Short Circuit 
Input Noise Voltage 


Common-Source Spot 
NF : s 
Noise Figure 


fay a [8 [=o n]- 
Pas lee 22d Leto rs 2 ae ees 

" 

ve fae fe 


Drain Saturation Current Ratio 
(Note 1) 


Differential Gate-Source 
Voltage 


17 Ipss1/Ipss2 


oo 
= 


VGs1-VGsa! 


Gate-Source Voltage 
AlVgs1-VGs2! Differential Change with 


N 
o 
QO2—-IroOA>Y 


1. Assumes smaller value in numerator. 


2-24 


Siliconix 


CO eG A A RE Oe 
HS 9 WP NIH WT 


Temperature PR area emer: (are (aia 
Transconductance Ratio 
2 
ne Differential Output 
=| [ena SSS fem | om [oe os 
*JEDEC registered data NOTE: 


G S2 D2 G2 
Bottom Vi Pesan ae 
6 ottom View 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic Gee ee Unit Test Conditions 
Pee Te iba alia Ald DS TE pa 
| R VG6s=-30V, Vps=0V - 
i ee 
3 BVGss ites Breakdown 50] | | Vps=0V, Ig =-1HA 
|# veson Oar alas] fas] 5] v [researc 
5 VGs Gate-Source Voltage -4.2 et CN ead Bet ee Vps =20V, Ip =50uA 
8] [Vestn __GateSource ForwaraVorase| | 2] |-2|- | 2] _[Vos=0V.1g=1mA 
7|_[ioss____Drain Seturation Gurrent__| 08] 60 | 08] 60 | 05] 80| mA |Vos=20V. Vas=0V 
EE Raat Common-Source Forward | 1000] 3000 | 1000|3000 | 1000 | 3000 | f= 1kHz 
EE As hs irensrandvctene? | 1000] [1000] [1000] Vps=20V,Vgg=0V | f= 100 MHz 


Vps=20V, Ip =200nAD| © ue 
f=1MHz 
f=1kHz 
f= 100 Hz | 


f = 1kHz 


NaP 


T=25°C to -55°C | 
T = 25°C to +125°C 


n-channel JFETs e:) 


Siliconix 


designed for eee Performance Curves NRL, NPA 


See Section 4 


= General Purpose Amplifiers BENEFITS 
6 eL Cost 
= Switches aah 


® Automated Insertion Package 


Plastic 


TO-92 
See Section 6 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Draniveeerce Voltage... 26. same ll. LW a8 ek. 25 V 
DrainemeameeyvOltage 0... 2 eee Le Oe. 25 V 
sOurceaumumee VOlidde 2.0) ek eT. 25 V 


Total Device Dissipation at 25°C ............... 310 mW D 
Bera above 25°C 1. kk 2.82mW/°C i 
Operating Junction Temperature................ 135°C i 
s 
Ss D 


Storage Temperature Range.............. -65 to +150°C 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


a. | awsas7 | ansase | ansaso =e eae 


Ack mean gota. mee oe Pet} |-0.01] -1.0 | Veet eV’ Vpe 0 
BVGss Gate-Source Breakdown _25 bal _25 [ire Mikel Ig = 10HA Vosg=0 


Voltage pm 
VGS\off) rib Sbinas Cutott ca -1.0 -7.0 of | 2] Vps = 15 V, Ip =10nA 


| Saturation Drain 

DSS Current 
Common-Source For- 
ward Transconductance 


Common-Source Out- 
put Conductance 


C; Common-Source Input 
Iss Capacitance 


Common-Source Re- 
Crss verse Transfer Capaci- 
tance 


VposctSMiVGse 0 


10 F Noise Figure 3: 3.0 Rg = 1 MQ, f=1kHz 


© [oe] N | oO w 
QO--=-s pp 2< Og A-aAvpADA 
a a (ro) 
9 a 


* JEDEC registered data 
NOTE: 
1. Pulse test pulsewidth = 2 ms. 


NRL, NPA 


Siliconix 2-25 


6SVSNZ S8SVSNZ ZSVSNZ 


2N5484 2N5485 2N5486 


n-channel JFETs he: 


designed for... Escumumefene 
m VHF/UHF Amplifiers BENEFITS 


e @ Low Cost 
m Mixers ® Completely Specified for 400 MHz 
H Operation 
- Oscillators @ Low Error Analog Switch 
gy Analog Switches Very Little Charge Coupling 
* ABSOLUTE MAXIMUM RATINGS (25°C) CrssS0.Ri 
Draitecratesy Oltage 208! ©. ik OR rer ee NEE oie te te 25nV. Plastic 
SourcesGare’V oltageisiisie.:) foc ee. Be 25 Vy TO-92 
Drain’ GUerent ty ace Baw scve nl eee ee. etsy ece sl es A es 30 mA See Section 6 
Eotwatunesate CorrentisG sche esecderen eeeken ee ee 10 mA 
otal Bevice Dissipation @ 25°C4e.......:.... 4... Wea 360 mW 
Derateiabovet25'Ce Win. 0 se kale sath. a 3.27 mW/°C 
Operating Junction Temperature Range..... —65 to +135°C D z 
Storage Temperature Range .............. —65 to +150°C i 
Lead Temperature a o . 8 
(T/ebO. {LOM CaseglOlalO SeCONdS) cs sant: sa teers ee 240°C S Bottom View B 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic N5486 Test Conditions 
[Min | Max | Min_ | x [in| 
1 rey e 
2 eee ee es Ta =+100°C 


Ss 
Qa 
|: Pesentstge | 22] 20] 52] 20] 40] fesse 
Cc 


5 Ipss Saturation Drain Current 4.0 | 40} 10} 80] 20] ma | Vps = 15 V, Ves = 0. (Note 1) 


Common-Source Forward 
6 an Gamerz Foard 000 }6,000 } 3,500 |7,000 |4,000 }8,000 


|] 
Conductance 
eke commas Sie 
- Umhos 

10 Re Common-Source Output Clete (ota) Lanett arieat ee ete 
i ed Se Tr et 
12 5 Common-Source Input Mics, PROCES gate ce dae 

nl Scie teem | ae 


f = 100 MHz 
f = 400 MHz 
f = 100 MHz 
f =400 MHz 

= 100 MHz 


VipSe lo WMaviGse Oo 


Common-Source Reverse 
Common-Source Output 
RPS ag a : : Vps=15V, Vgs=0, RG = TMQ | f=1kHz 
18 NP a8 A) Re RR S| Vps = 15 V, Ip = 1mA, Rg = 1k 


D 
13 Y f = 400 MHz 
Common-Source Input 
zy Cc MO 
15 |M 
] 
( 


5 f = 100 MHz 
a Vps = 15 V, Ip =4mA, RG = 1kQ faaannane 
21 pea rd Power bees peo: also em = 100 MHz 
WD, ain 18 30 18 30 

See 


* JEDEC registered data 
NOTE: 
1 Pulse Test PW 300 Us, duty cycle [3% 


NH 


2-26 Siliconix 


matched dual ea 
n-channel JFETs  wzczur""” 


BENEFITS 


® 

designed for e@ e@ ® ® Ultra-Low Noise 

@n = 8 nVA/Hz at 10 Hz (Typical) 
@, = 2nVA/Hz at 1 kHz (Typical) 

@ Minimum System Error and Calibration 
5 mV Offset Maximum 


ABSOLUTE MAXIMUM RATINGS (25°C) CMRR > 100 dB 
TO-71 
Gate-Drain or Gate-Souce Voltage . ” See Section 6 


Gate Current ....... B19 O02 

Device Dissipation (Each Side), Ta = 85°C A Y 
(Derate 2.0 mW/°C eu, 2250umW ‘ 

Total Device Dissipation Ta = 85°C $10 OS? 


(Derate 3.0 mW/°C) ee eh NOT Oo INV, 
Storage Temperature Range........ -65°C to +200°C 
Lead Temperature 

(1/16" from case for 30 seconds) .... 


= Differential Amplifiers 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Min | Max | Unit | Test Conditions 
Mine Oxo BR 
IGss Gate Reverse Current eed Geel Ves = -30 V, Vos = 0 = 
: --250 150°C 
Ss =- = 
BVGss Gate-Source Breakdown Voltage Rs a Ig =-1yHA, Vps =9 
A | VGS(off) Gate-Source Cutoff Voltage V Vps=20V,Ip=1nA 
Ti 


Gate Source Voltage 
VG = 20 V, Ip = 200 nA 


Gate Operating Current ae eae ° 
-100 med 125°C 
Ipss Saturation Drain Current (Note 1) kext seo hema unm eeu Vps=20 V, Vgs =0 


Common-Source Forward Transconductance 4000 Vps = 20V, Ves = 0 

(Note 1) 

Common-Source Forward Transconductance 

(Note 1) | 500 | 1000 | umho | YOG = 20¥. 1D = 200HA T's 4 Kue 


v Gos Common-Source Output Conductance i eae iidl DES Ra | Vps=20V,VGs=0 | | Vps=20V,VGs=0 | V,VGs=0 
dos Common-Source Output Conductance fel | ee VpG = 20 V, Ip = 200 uA 
: Ciss Common-Source Input Capacitance apa Vps = 20V, }Vos=20V.ves"0 | 0 f=1MHz 


d Crss Common-Source Reverse Transfer Capacitance 


eee Witten oar: oe Appar 
E, quiva ent Short Circuit Input 2N5520.24 (eas ee VpG = 20 V, Ip = 200 uA 
Noise Voltage ON5515-04 Of EAE RATE oS f= 1kHz 
2N5516,21 | 2N5517,22 
ane Ere Be ee une 
Differential Gate ees 20 V, 
Ipss1 Saturation Drain 
tases Current Ratio 0.95 Vps = 20 V, Vgs = 0 
DSS2 (Notes 1 and 2) 


lv -y | Differential Gate- 
GS1-YGS2 Source Voltage 


VOSSNZ ECSSNZ ZTZSSNZ LOSSNZ OCSSNZ 
6LSSNZ SLSSNZ ZISSNZ OLSSNZ SLSSNZ 


Test Conditions 


AlVgs1-VGsz2! Gate-Source Voltage 
=e) Ditrerential: Drift 


AT (Note 3) 


Ip = 200 nA 


Q2—-roAApe2 


Differential Output 


199s1-9os2! Conductance 


Sfs1 Transconductance 0.97 
Ofs2 Ratio (Notes 1 and 2) 


Common Mode Vpp = 10 to 20 V, 
CMRR Rejection Ratio 
(Note 4) 


* JEDEC registered data. 3. Measured at end points, TA and Tg. 
NOTES: en AVDD 
1. Pulse test required, pulsewidth = 300 us, duty cycle < 3%. 4. CMRR = 20log109 { - 


——————— } , AVpp=10V. 
: AlVGs1-V6sal 
2. Assumes smaller value in numerator. 


Siliconix p57 


2N5545 2N5546 2N5547 


monolithic dual sine 
n-channel JFETs Performance Curves NQP 


See Section 4 


designed for... BENEFITS 


®. High Input |mpedance 


Ig << 50pA 

ie General Purpose gals @ Minimum System Error and Calibra- 
Differential Amplifiers tion 

5 mV Offset Maximum (2N5545) 


* ABSOLUTE MAXIMUM RATINGS (25°C) T0-71 
See Section 6 
Gate-Drain or Gate-Source Voltage..............4. —60 V 


Gate Carre tree eure ere eh ener Bis slot nike ay Ocean nor ace 30 mA 
Device Dissipation (Each Side), TA = 25°C 
(Depatepite 7. mW)" C) ie on Aree teen cerry fee 250 mW 


Total Device Dissipation, TA = 25°C 


(Derate 2.07 MW/2C): s\coyan te ee cones eee ree 400 mW 
Storage Temperature Range .............. —65 to +200°C 
Lead Temperature 

(1/16"" from Case for 30:seconds);.......--.0:s5% 300°C 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic ete aS Te Test Conditions 


2| $8 
T 
3 =— => 
a| 8VGss Gate-Source Breakdown Voltage Se ae Vv Ig ==) pA, Vps =0 
4] T| VGsioff) Gate-Source Cutoff Voltage 05 | 45 | Vps = 15 V, Ip =0.5nA 
5 r Ve Gate Operating Current a ith: a POR SEG VpG=15V, Ip = 200 uA 
6 Ipss Saturation Drain Current ee ee ee ee Vps=15V,VGs=0 
7 A 
Ofs Common-Source Forward Transconductance 1500 6000 Spake: feed tebe 
8 p |_9os Common-Source Output Conductance aE ae ead 
91 Y| Cj Common-Source Input Capacitance ait Sree Bh ec aed Vos 718.V.Vasni0 
vc pF f= 1 MHz 
10 A Crs Common-Source Reverse Transfer Capacitance ee SRN GENS ; 
11] Mi NEF Spot Noise Figure tyes (ees, Smee 2N5545 f=10 He, 
\ [fs | | voc = 15 v, [asses [ag = 1 ma 
12 Cr Equivalent Short Circuit Input Noise Voltage eee ov see f= 10 Hz 
poeuigeenr ny LPOG JHz 2N5546 


Characteristic 


14 Ipss1 Saturation Drain Current 1 
Ipss2 Ratio (Note 1) 


nit Test Condisionss 
nA VpG = 15 V, Ip = 200 uA Ta= 125°C 


| — | vos=18v.ves=0 


N 
a 
oa 
o 
py 
s 


ND NO a 
Py oO > (==) = oa 


Differential Gate-Source eg Sp 


oval Ip = 50 nA 
15|M | MGs1-Vesa! VpG=15V 
T ° 
C ve TA = 25 C 
16| 44 AlVgs1-Vqsz2! Gate-Source Voltage Tg = 125°C 
Li AT. Differential Drift (Note 2) Ta = -55°C 
y Tg = 25°C 
VpG = 15 V, Ip = 200 uA 
7 9fs1 Transconductance Ratio 0.97 
Ofs2 (Note 1) f = 1 kHz 
A Differential Output 
* JEDEC registered data. NOP 


NOTES: 
1. Assumes smaller value in numerator. 
2. Measured at end points, Ta and Tp. 


2-28 Siliconix 


matched dual _s 
n-channel JFETs 


designed Heppe ae Performance Curves NCA 


Siliconix 


= Wideband Differential BENEFITS 


Amplifiers @ High Gain 
7500 umho Minimum gg, 
= Commutators ®@ Specified Matching Characteristics 


*ABSOLUTE MAXIMUM RATINGS (25°C) TO-71 


Gate-Gate Voltage | ies aig 

Gate-Drain or Gate-Source Voltage 

Gate Current 

Device Dissipation (Each Side), Tj = 25°C 
(Derate 2.2 mW/°C) 

Total Device Dissipation, Ta = 25°C 
(Derate 3.3 mW/°C) 

Storage Temperature Range 

Lead Temperature 
(1/16’’ from case for 10 seconds) 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Min | Max | Unit | Test Conditions 


aac OL eS . 


T| BVGss Gate-Source Breakdown Voltage Ig =-1HA, Vps =0 


4 VGS(off) Gate-Source Cutoff Voltage os Vps=15V,Ip=1nA 


VGS(f) Gate-Source Voltage Vps=0V,IG=2mA 


C| Ipss Saturation Drain Current (Note 1) Leak OS WOM a Ae Aa Vps = 15 V, Vgs=0 


'DS(on) Static Drain Source ON Resistance Rie Eo Q Ip=1mA,VGs=0 


Common-Source Forward Transconductance 7500 12,500 


9fs (Note 1) 


SaluaS VOSSNG SLUVd Giddsdsdd 
99SSNZ SOSSNZ VOSSNZ 


Bottom View 


NI] OO] oO} By] OTM] — 


f= 1kHz 
f = 100 MHz 


Common-Source Output Conductance f=1kHz 


= Common-Source Reverse Transfer Capacitance VpG-=15V,Ip=2mA f=1MHz 


D 
Y 
N 
A 
" cise Common-Source Input Capacitance 
: 


Spot Noise Figure 


nv 
Equivalent Short Circuit Input Noise Voltage ae ee 


Characteristics Test Conditions 


Ipssi Saturation Drain Current 
Ipss2 Ratio (Notes 1 and 2) 0.95 Vis stoi Gg 
Differential Gate-Source 
vesi-vase! Siler ioc ae nv 
10 25 
ANGs1-VGs2! Gate-Source Voltage PS a ee ead rae a 
25 
Sfs1 Transconductance Ratio 


*JEDEC registered data. 


NOTES: 

1. Pulse test required, pulse width 300 us, duty cycle < 3%, 
2. Assumes smaller value in numerator. 

3. Measured at ends points, TA and Tg. 


f= 10 Hz, Rg= 1M 
f= 10 Hz 


Siliconix 2-29 


2N5638 2N5639 2N5640 


n-channel JFETs sit nin 


Performance Curves NCA 


designed for... See Section 4 


= Analog Switches BENEFITS 


@ Low Cost 
as Commutators @ Industry Standard Package 
Bi Choppers @© Automatic Insertion Package 
@ Fast Switching 
trise < 5 ns (2N5638) 
@ Low Insertion Loss 
rDS(on) < 30 2 (2N5638) 
* ABSOLUTE MAXIMUM RATINGS (25°C) @ Short Sample and Hold Aperture Time 
Drain-Source Breakdown Voltage ....-----++-++++: 30 V mie adie ey 
Drain-Gate Breakdown Voltage ..........+...+-- 30 V A 
Source-Gate Breakdown Voltage..........6+..-+-5 30 V See Section 6 
ForwardiGateiCanrent cnine sc acc ss a eee ceemenetnre 10 mA 
Total Device Dissipation at TLEAD = 25°C...... 625 mW 
Dérate aboves26° Cit eee ee. nae 5.68 mW/°C : 
Operating Junction Temperature Range..... -65 to +135°C init 
Storage Temperature Range..........-.-- -65 to +150°C 5 
Lead Temperature fi D 3 
(1/16 from.case-forit.0 seconds) | Ath" seers 300°C s Bottom View D 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Unit 


Gate-Source Breakdown 
BVGss Voltage ae -30 Ig = -10 HA, Vps = 0 


_——S = 


Aloo Bein cucttCuren Ep 2of [10] [10 [na [vps = 15, vag -12v (anseae . 
| [1.0] | 1.0] | 1.0 [wa | Ves = -8 V (2N5639), Vgg = -6 V (2N5640) | Ta = +100 C 
Ipss Saturation Drain Current a eo ea a Vps = 20 V, Vgg = 0 (Note 1) 
Vps(on) Drain-Source ON Voltage NGS Uae nga NoGoe): 
Ip = 6 mA (2N5639), Ip = 3 mA (2N5640) 
Static Drain-Source ON 
ad ee 
Drain-Source ON 
Common-Source Input 
ff Keita a) Pa 
Ves =-12 V, Vps = 0 f= 1MHz 
11 c Common-Source Reverse 
rss Transfer Capacitance 


12 Sten Turn-On Delay Time BRE cea RS aS Vpp =10V ID(on)=12 MA (2N5638)R, = 800 2 (2N5638) 
als [eRe Time SSS i OTP 80, [10] | Vegtom= © — !D(on)= 6.mA (2NS639) Ry = 1.6k 9 (2NEE3O) 


14|w | ta(off) Turn-OFF Delay Time | | 5.0] | 10] | 15] VGsloff)= -10 V ID(on)=3 MA (2N5640) Ry =3.2k 2 (2N5640) 
ed FP Tiara i I IN) | 


Test Conditions 


“SN TOTO] aL wipro 


NCA 


* JEDEC registered data Ry = 122 _(epsion) +50) Vop 
'D =10VDC 0.1nF 
N : . 
AK een FE Vasion) © TO 50 OHM SCOPE B 
1 Pulse test PW < 300 sec, duty cycle < 3.0% ae mig aes VGSioft) 
td(on 
wie ee ) 


+ 
v 
OUTPUT 10% 


(SCOPE B) 


© TO 50 OHM SCOPE A 


SCOPE 
TEKTRONIX 567A 
OR EQUIVALENT 


2-30 Siliconix 


matched dual alc 
n-channel JFETs Eoormene one 
designed for... 


BENEFITS 
e Matching Characteristics Specified 
= Differential Amplifiers © “High Input Impedance 


: IG = 1 pA Max (2N5906—9) 
@ High Input 
Impedance Amplifiers 10-78 


See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Sate wee, VOltage 2... be Oe. +80 V G, 
Gate-Drain or Gate-Source Voltage .............. . -40 V 
RARE ECIT OM cps) s aps ugesareyiens ae ws « 0's CTE OOS, 10mA 
Device Dissipation (Each Side), T , = 25°C 

PEO CBT) (OV i. oir cds « che Qeical ojmiie sodinvepeve din 0s 367 mW 


Total Device Dissipation, Tp = 25°C 
oi bi) Aaa i i a laa Re 500 mW 
Storage Temperature Range.............. -65 to +'200°C Bottom View BHF 4S 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


[asoons | _ansooe9 
| Min | Max | Min | Max_| 
SS SSS 


T| BVGss Gate-Source Breakdown Voltage fies y a Cow ae (ures oem Cel eee, Ig =-1uA, Vps=0 
A = = 
T VGS(off) Gate-Source Cutoff Voltage 0.6 | -45 | -06 | -4.5 | Vps=10V, Ip =1nA 


Characteristic Test Conditions 


O F,OIN] OF oO] Bl ofrm j— 


V6s Gate Source Voltage Pl Ee a ee 
VpG = 10 V, Ip = 30 uA 
ta deeoserncaciiciane POY Pe POR GA DT p=30u : 
ae 128°C 
Ipss Saturation Drain Current Se ee 
Common-Source Forward 
Transconductance uumho f=1kHz 
10 Common-Source Output Conductance pape Vps=10V,VGgs=0 
11 a Common-Source Input Capacitance | 
¥ Common-Source Reverse Transfer fiahWine 
Ne Crss Capacitance 
13 Common-Source Forward 
m | 9Fs Transconductance umho | VpG = 10V, Ip = 30uA 
14 i Gos Common-Source Output Conductance elena 


15 Equivalent Short Circuit Input 0.2 LV 
en Noise Voltage ; Vz 

an Vps = 10 V, Vgs = 0 f = 100 Hz, 

16 NF Spot Noise Figure 3 ; Rg =10M 


jaracteristic un 
Cain [ax | win [ Max | min [Max 


ai owas 2 Slee aste ete be 10V an59025 
1G1-!G2 Differential Gate Current D OA 
a rat startet eat faa] | wa taate [bors 


19 'pssi Saturation Drain Current Ratio | = | vos =10V,Vgs=0 
Ipss2 (Note 1) 


Test Conditions 


| \VGsi-VGs2!__ Differential Gate-Source Voltage _| Differential Gate-Source Voltage 


N 
G 


AlVgs1-VGsz2! Gate-Source Voltage Differential 
Si. re Drift (Note 2) 


24 9951-9952! Differential Output Conductance ea 


* JEDEC registered data. 
NOTES: NT 
1. Assumes smaller value in numerator. 

2. Measured at end points, Ta and Tg. 


So 
ND 


Siliconix 2-31 


SO6SNZ VO6SNZ CO6SNZ ZO6SNZ 


606SNZ 806SNZ ZLO6SNZ 906SNZ 


2N5911 2N5912 


matched dual Beer is. 
n-channel JF ETs Performance Curves NZF-D, NNZ 


See Section 4 


designed for... BENEFITS 


® High Gain through 100 MHz 
= Wideband Differential gs > 5000 umho 


Amplifiers @ Matching Characteristics Specified 
T0-78 
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


D 
Gate-to-Gate Voltage (aie a)s lial eie a MO Oa) d +80 V i, : 
Gate-Drain or Gate-Source Voltage .............. -25V G, a 
Gate Curren ticinisco cictinnaaonatea ity cere esaaunvemeibeay\e! «92 Suen 2 50 mA Adel diss 


Device Dissipation (Each Side), (Derate 3 mW/°C).. 367 mW 


Total Device Dissipation, (Derate 4 mW/°C)....... 500 mW 
Storage Temperature Range............ .- -65 to +200°C 
Lead Temperature 

(Win tromucase Tor LOsecondsy ea. cian ino 300 6 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


Characteristic 


Test Conditions 


pA 
| Gate Reverse Current Ves =-15V, Vps=0 —— 
eee aR MOM iene ee nt whe Ta = 150°C. 


—_ 


2 

3] S$ | BVgss Gate-Source Breakdown Voltage -25 eA hee | Ig =-1 HA, Vps =0 

4 st VGS(off) Gate-Source Cutoff Voltage Vps=10V, Ip =1nA 
SETS Gate-Source Voltage 


(o>) 
ro) 
ay 


Gate Operating Current 


Saturation Drain Current 


Ta = 125°C 


8 Ofs Common- Source Forward Transconductance a 10,000 f= 1kHz 

9 fs Common-Source Forward Transconductance | 5000 | 10,000 yar f = 100 MHz 

10] D | gos Common-Source Output Conductance biti By A OO =1 kHz 

tarp’ Common-Source Output Conductance -| £= 100 MHz 
V [G08 p rahi" fan | TSO 


12] a | Ciss Common-Source Input Capacitance ie ER ik RL Winks VpG=10V,Ip=5mA f=1MHz 


13 i} Crss Common-Source Reverse Transfer Capacitance 


iba OE in eed dd 
nV 
14 Equivalent Short Circuit Input Noise Voltage Sete a 


Characteristic ra be] Test Conditions 
| 16 lig1-lgal Differential Gate Current VpG=10V,Ip=5mA Tp= 126°C 
A 


IDSs1 Saturation Drain Current Ratio 
i M | !pss2 (Notes 1 and 2) Vps = 10 V, VGg =90 


A 
18} + | VGsi1-VGs2! Differential Gate-Source Voltage 


f = 10 kHz 


f= 10 kHz 
Rg = 100K 


c Ta= 25°C: 

dl Ia WW | Tp = 125°C 
i VGS1-VGS2! Gate-Source Voltage Differential Ps. 

on N AT Drift (Note 3) VpG = 10 V, Ip =5mA Ta =-55°C 
G 


Tp = 25°C 


21 Sfs1 Transconductance Ratio (Note 2) Re ae po Mey f=1 kHz 
Ofs2 

* JEDEC registered data. 

NOTES: 

1. Pulsewidth < 300 us, duty cycle < 3%. 

2. Assumes smaller value in numerator. 

3. Measured at end points, Ta and Tg. 


NZF-D, NNZ 


2.32 Siliconix 


enhancement-type PH 
p-channel MOSFETs 


designed for... Seo souton a 


@ Ultra-High Input Impedance BENEFITS 


Amplifiers @ Rugged MOS Gate Minimizes Handling 
Problems 
Electrometers £125 V Transient Capability 


@ Low Gate-Leakage 
Smoke Detectors Typically 0.02 pA 


pH Meters @ High Off-lsolation as a Switch 
ell H : I <200 pA 
& Digital Switching Interfaces DSS p 


= Analog Switching 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Source or Gate-Source Voltage 3N163 eae : 
Drain-Source or Gate-Source Voltage 3N 164 

Transient Gate-Source Voltage (Note 1) 

Drain Current 

Storage Temperature -65 to +200°C 

Operating Junction Temperature -55 to +150°C r 


Total Device Dissipation 
(Derate 3.0 mW/°C to 150°C) Pl oom 


Lead Temperature 1/16’’ From Case For 10 Seconds . .265°C a 
*ELECTRICAL CHARACTERISTICS (25°C and Vgs = 0 unless otherwise noted) 


VOLNE COLNE 


Characteristic 


Test Conditions 


Ves = -40 V, Vps =0 7 
GS DS T 125°C 
pA - 
Ves =-30V,Vps=0 - 
GS DS Ta=125°C 


Ip =-10 UA, Ves = 0 ; 


ia s1Om Nap signs 

3 Voge SI6Vilp = 205 mA 
Vee Meets OA. 
ST 

Vena pOv ven a0 Magee 
Vps=-15V, VGs=-10V 


'DS(on) Drain-Source ON Resistance VGs = -20 V, Ip = -100 LA 


Common-Source Forward 
% ofs Transconductance 2,000 ’ ' 5 | Mos 718. CS Nh 
Common-Source Output Ip =-10mA 
Jos Conductance 


Ciss Common-Source Input Capacitance 


COINIOL a splojyrn]— 


IGss Gate-Body Leakage Current 
Ss BVpss_ Drain-Source Breakdown Voltage 
T 
A 
T 
I 
Cc 


c Common-Source Reverse Transfer 
rss Capacitance 


Coss Common-Source Output Capacitance 
r 


Vps =-15 V; Ip =-10 mA |f = 1 MHz 


td(on) Turn-ON Delay Time 


toff Turn-OFF Time 


Vpp =-15 V 
ID(on) =-10mA 
Rg = RL = 1.5 kQ 


*JEDEC registered data 


NOTE: 
1. Transient gate-source voltage JEDEC registered as +125 V. INPUT PULSE SAMPLING SCOPE 


RISE TIME <2 ns tp < 0.2ns 
PULSE WIDTH > 200 ns Cin S2 pF 
Rin 2 10 MQ 


Siliconix 2-33 


BF244A BF244B BF244C 


Ds 


Siliconix 


n-channel JFETs 
designed for . . . corona aaa 


@ VHF/UHF Amplifiers BENEFITS 


e © Wide Band 
& Oscillators High yfe/Cigg Ratio 
Mix ers @ Low Feedback Capacitance 


Crss = 0.85 pF Typical 
@ Selected Ipss and Vgsg Ranges 


ABSOLUTE MAXIMUM RATINGS (25°C) 


DrainXsaterVOltage Wr oe tee ee ernie ere cee 30 V 
Drain-SOuUrcexV.OMagei tert 6 oe ee eee oe mers 30 V TO-92 
Reverse Gate-Source Voltage.............0cceeeeee 30 V See Section 6 
Forward cate Gunmen ti cus ah) caveat eae eenreie ts 10 mA 


@ INSULATED CASE 


Continuous Device Dissipation @ INSENSITIVE TO LIGHT 


at (or Below) 25°C Free Air Temperature 
Storage Temperature Range ............ 

Lead Temperature < 
(1,16 tcom:.casestor.| O SeCOnds) (eee eae deen 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C) 


Characteristic Ty Test Conditions 


BVGss _Gate-Source Breakdown Voltage 

IGss Gate Reverse Current 

Ipss Saturation Drain Current 

BF244A 
Selected into Following Sees P cle 
Groups (Note 2) shickod 

BF244C 

BF244A 
Corresponding to BF244B 
Ipss groups 

BF244C 
10 VGS(off) Gate-Source Cutoff Voltage 
11 Small-Signal Common-Source Forward 

Transconductance 


Common: Source Reverse 
Transfer Capacitance 


(Gia LAL psi 
nA ViGS = 20. VV pSeao 
mA Vps = 15 V, Vege 0 


ol 
> 


mA Vps=15'V;Vesi0 


o-aAbpaAON 
> 


Vps = 15 V, Ip = 200 vA 


Vps =15V,Ip=10nHA 


oO 
oa = 


mmho| Vps=15V,VGs = 0, f = 1 kHz 


Oo 
00 
ol 


pF Vps = 20. VIN GS =e 


f = 100 MHz 
Vine = 20, Vee ae 
DS GS f = 200 MHz 


pF Vps ='20 Vi. VGSe= ey 
pF Vps'= 20 V7 Vigouaae 


x 
2) 


Input Resistance 


re) 


Blo 
O-Z2r2<0 
te 


Ciss Common-Source Input Capacitance 


Coss Common-Source Output Capacitance 


wo lal A] 
1 eta 
~NPOIN Ip Jao N 
TLL] fe lellelsletslelels) 


=n 
oa 
N 
oi 


NOTE: NH 
1. Derate linearly to 125°C free-air temperature at the rate of 2.5 mW/°C. 
2. Pulse test PW < 300 us, duty cycle < 3%. 


9-34 Siliconix 


15 


Siliconix 


n-channel JFETs 


designed for... 


@ VHF/UHF Amplifiers 
B Oscillators BENEFITS 
: @ Wide Band 
@ Mixers High y¢./Cigg Ratio 
@ Low Feedback Capacitance 
Crs5 = 0.85 pF Typical 
@ Selected Ipss and VcGs Ranges 


Performance Curves NH 


ABSOLUTE MAXIMUM RATINGS (25°C) 


PTR ALG ON OINAGC ki eek ae i's eis de elk diese 30 V 

Wiaihy SOUROS WOIPAGE «lcd nie AP. Came et PE es 30 V TO-92 
Reverse Gate-Source:V oltage. 32 0.. Pe eas 30 V See Section 6 
OG ARCy CTATE GUNG sik ok ee tehe ela ee 10 mA 


@ INSULATED CASE 


Continuous Device Dissipation © INSENSITIVE TO LIGHT 


at (or Below) 25°C Free Air Temperature 


OR LOU. SY (a a ee rr ae kA 200 mW ) 
Storage Temperature Range ............ —55°C to +150°C 
Lead Temperature : 
(a7: arom case tor 1O;seconds) ........7 00.838 &% 260°C 5 G 0 


D 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C) 


Characteristic [Min | Typ | Max | Unit | Test Conditions 
1 BVGss ___Gate-Source Breakdown Voltage ol es eee ies 1g =-1HA, Vps = 0 
2 IGss Gate Reverse Current 9) oe cee VGs =-20 V, Vps = 9 
3 : Ipss Saturation Drain Current id aay es ee Vps = 15 V, Ves =0 
A BF245B = = 
S|) loss Groups (Note 2) Reo y in erigtmars: oa ceca 
acme” [ares Tis [8 | vp 15v.19- m0 
D 
10 VGSloff) Gate-Source Cutoff Voltage ke or ace Vosenby, p= 10.44 
|- | 
1 Small-Signal Common-Source Forward | [55 | 65 | mmho Vps = 18 V; VGs = 0, f = 1 kHz 
~ Transconductance 
Common-Source Reverse 
x Vps = 20V, Veg= 1V 
a N ae Transfer Capacitance a all Re Ha GA 
13 |A f = 100 MHz 
Input Resistance V =20V,V =-1V 
14 | 98 BE oS f = 200 MHz 
15 /C{C; Common-Source Input Capacitance V =20V,V =-1V 
iss DS GS 


16 Coss Common-Source Output Capacitance Sa eae ta Vosie:20 ViVGS = =v 


NOTE: NH 
1. Derate linearly to 125°C free-air temperature at the rate of 2.5 mW/°C. 
2. Pulse test PW < 300 us, duty cycle < 3%. 


Siliconix 2-35 


OSvpesd aSbpesd VStcesid 


BF256LA BF256LB BF256LC 


n-channel JFETs 
designed for... 


= UHF Amplifiers 
m@ Mixers 


# Oscillators 


ABSOLUTE MAXIMUM RATINGS 


Drain-Gate Voltages ss). eens. seek ARG ee 30 V 
Drain-Source Voltage: .;.. 2 GU ed Fe 6 LAME. pares OV, 
Reverse Gate-Source Voltage.......... 0.0005 buen 30 V 
Forward GateGurrentic cn ily si aices sists tree eater nee 50 mA 
Total Device Dissipation @ 25°C. ............... 350 mW 

Derate:above. 25 Cie Caer aie 3.5 mw/°C 
Storage Temperature Range .............. —65 to +150°C 
Lead Temperature 

(1/16” from case for 10 seconds) ............... 260°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


BVpcGo_ Drain-Gate Breakdown Voltage 
S |'Gss Gate-Reverse Current 
Mf VGS(off) Gate-Source Cutoff Voltage 


1 
2 
3 
A 
41 +t I!pss Drain Current at Zero Gate Voltage (Note 1) 
5| | 
Cc 
6 
7 


2 
3s 


BF256LA 
BF256LB 
BF256LC 


Common-Source Forward Transconductance 
Sfs (Note 1) 


Common-Source Output 
Conductance 


Cjss Common-Source Input Capacitance 


Common-Source Reverse Transfer 
Capacitance 


Selected into 
Following Groups 
(Note 1) 


'pss 


8 
9 
D Sos 
Y 
N 
11}A 
M 
12] 1 
Cc 


10 


Crss 


fly¢s) Cutoff Frequency (Note 2) 


Common-Gate Neutralized Insertion 


13 Power Gain 


14 Noise Figure 


LTE LE fe delel-flal [ale 
a 
™“ 

i 


NOTES: 
1. Pulse test PW < 300 us, duty cycle < 2%. 


45 


Siliconix 


Performance Curves NH 


BENEFITS 


® High Gain 
Gpg = 14 dB Typical at 800 MHz 


@ Selected Ipss Ranges 


TO-92 
See Section 6 


@ INSULATED CASE 
© INSENSITIVE TO LIGHT 


Bottom View 


Test Conditions 


< 


Ig =-1 uA, Vps = 0 
VGs = —-20 V, Vps = 9 
Vos = 15 V,!p =10nA 


< 


Vos = 15 V, Vgsg = 0} f = 1 kHz 
umho 


f = 1 MHz 


Vps = 10 V, Rg = 47 2, f = 800 MHz 
Vps = 15 V, Rg = 47 &, f = 800 MHz 


NH 


2. Frequency at which the real part of the forward transconductance falls 3 dB relative to the value at 1 kHz. 


2-36 Siliconix 


current regulator diodes _ .,%... 
designed for ee e@ NKL UM RG Oe Sediion a 


@ Current Regulation . BENEFITS 

Be Current Limiting ® Simple Two Lead Current Source 
® Current Insensitive to Temperature 

=@ Biasin Changes 

e g Temperature Coefficient Better 

mg Low Voltage References Than 1500 ppm/°C On All Devices 

® TO-18 Package for Improved Current 
Control 


® Simplifies Floating Current Sources 
No Power Supplies Required 


ABSOLUTE MAXIMUM RATINGS (25°C) TO-18 (MODIFIED) 


See Section 6 
Freak) Operating Voltage ......0.......wraceay 100 V 
FOIWard GUITCNT! . casein ie see. ieee bY OT. 2O0MA 
MeversenUrrent .. 6.2 20S FE we oe Oaks HOMMA ANODE 
TherMapesistance 6jc .............. 220100" C/W 
howerswsesipation at TG = 25°C ..6......65 1.25 W 
Operating Junction Temperature ..... -55 to +150°C pi i 
Storage Temperature ............... -55° to +200°C CATHODE A 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


(a POSE Sao OT Sa Ie ee 
Dynamic Impedance | Knee Impedance | Limiting Voltage | Peak Operating Voltage Temperature Coefficient 


Ve=25V VF=25V Wille '¢ = 0.8 !F4(Min) '¢ = 1.1 14 (Max) VF=25V Ve=25V Ve=25V 
(Note 1) (Note 2) as (Note 3) (Note 4) -BB°C < Ty < 28°C | 0°C < Ta <50°C | 25°C < Ta < 125°C 


as A a . 
esa ie amare rye see semester agen Fe BPS nfo VP PALE af a EHR PRE 


0.198]0.242 


Parameter 


| Test Conditions 


"NOTES: | NKL, NKM, NKO 


1. Pulse test — steady state currents may vary. 


2. Pulse test — steady state impedances may vary. 
3. Min Ve required to insure IF > 0.8 IF 4(min)- 
4. Max Ve where Ip < 1.1 1F4(max) is guaranteed. 


Siliconix 2-37 


S3AIMIS OPTONND SLAVd Giddsdzdd 


OLD 4Y6no0141 TZO0UND 


CRRO240 -CRR4300 


designed for... 


= Current Regulation 

= Current Limiting 

= Biasing 

= Low Voltage References 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Peak: Operating Voltages) so wesc. ea nines 100 V 
-orward Current:. 2... .genaaey Arie... se .. 20mA 
IREVEISeeCUTLeNt sec ck eee mem Tene. samen 50 mA 


Thermareresistance Ojo. oo. 100°C/W 
ppower Dissipation at T@=25-C 97... 5. Pa ee. 1.25 W 
Operating Junction Temperature ........ -55 to +150°C 
Storage Temperature 


ae Ve emit rN kN -55 to +200°C 


Symbol POV IF4 


Parameter Peak Operating Voltage Regulator Current 


VF=25V 
(Note 2) 


IF = 1.1 4(Max) 


Test Conditions 
(Note 1) 


(mA) 
Min 


Units Maximum Volts 


CRRO240 100 


CRRO360 100 


CRRO5S60 100 


CRRO800 100 


CRR1250 100 


CRR1950 100 


CRR2900 100 


CRR4300 100 


NOTES: 
1. Max Ve where IF < 1.1 If4 (max) is guaranteed. 


2. Pulse test — steady state current may vary. 


3. Pulse test — steady state impedances may vary. 


4. Min Ve required to insure Ip > 0.8 IF4 (min). 


Siliconix 


2-38 


current regulator diodes 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


ps} 


Siliconix 


BENEFITS 


@ Simple Two Lead Current Source 
© Current Insensitive to Temperature 
Changes | 
Temperature Coefficient Better 
Than 0.15%/°C On All Devices 
@ TO-18 Package for Improved Current 
Control 
@ Simplifies Floating Current Sources 
No Power Supplies Required 


TO-18 (MODIFIED) 
See Section 6 


CATHODE 


Zag Vi 
Dynamic Impedance Limiting Voltage 


If = 0.8'F 4 (Min) 
(Note 4) 


VpE=25V 
(Note 3) 


(mQ) (Vv) 


1.60 


1.95 


2.35 


3.00 


CRRO240-560 —NKL 
CRRO800-1250 — NKM 
CRR1950-4300 — NKO 


APPLICATIONS Parallel Operation 


The current-limiter diode is the electrical dual of the Zener diode. ad 


S +V 
Current-Limiter Diode V-! Characteristic O 
S 


POV @ 1.1 IF 4 (MAX) - 


ITOTAL = 'cR1+ IcR2 


Series Operation 
Meiers , (When 14 < Ip, that is Ip -I] <0.2 14) 


60V 25V 


Vv 1= 14 (UP TO BV}) 
iz 1 = Ip (ABOVE BV) 


EQUIVALENT CIRCUIT 


+ 


ooeradd - O”zZ0NadD 


CURRENT 


PpisicR1) <PDALLOWED 
BV (FOR SERIES DEVICES) 


= BV,+BV2 
SYMBOLS AND DEFINITIONS 


Anode (Drain) 
Cathode (Source and Gate Shorted) 


Constant-Current Collector or Drain Forward CUED. gore Positive) 
Timing Circuits Hi-Z Load Resistors Current at a specified Test Voltage, VF 


+ 4 Peak Operating Voltage 
Current Temperature Coefficient 
Thermal Resistance Junction to Case 
Thermal Resistance Junction to Ambient 


Knee AC Impedance at specified VF. ZK should 
be as high as possible and is specified as a mini- 
mum. 

Dynamic Impedance at specified VF. Zq is speci- 
fied as a minimum. 


Emitter or Source Biasing 


+ 


Constant-Current Supply Logic Circuit Pull-Up 
or Current-Limiting Element Current Source 


Siliconix 2-39 


DN5564 DN5565 DN5566 


SEE ALSO 2N5564 SERIES 


matched dual ik 
n-channel JFETs hala 
designed for... See soctions.<) aa 


r Wideband Differential BENEFITS 


Amplifiers © High Gain 
7500 umho Minimum gf, 

= Commutators © Specified Matching Characteristics 
ABSOLUTE MAXIMUM RATINGS (25°C) Toy 
Gate-GateiVoltage, titra is cimey pti aketae ye thy ste +80 V Hovod. he 
Gate-Drain or Gate-Source Voltage .............. -40 V 
Gate Current’... 2G) Sure wqapese putea xapejemngayeds 22 'e e's 50 mA G, 
Device Dissipation (Each Side), Ta = 25°C Ak 

(Deratei2 2 MWC Cleat unearned ter lotammr batts. 325 mW 
Total Device Dissipation, Ta = 25°C = 

(Derate Seo MW/ Chae cr tte oe tae te Mims, te 650 mW AON 
Storage Temperature Range............-. -65 to +200°C PAK \c, | | 
Lead Temperature Dee Gy 4 A. G2 

(1/16" franieaserormFO'seconds) trast. teuny. av). a" 300°C me Se) 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Min | Max | Unit | Test Conditions 


DT en RETESET Sha fg, i 


T| BVGss Gate-Source Breakdown Voltage Se a Ig =-1uA, Vps =0 
Al v Gate-Source Cutoff Voltage -0.5 -3 Vv Vps=15V,Ip=1nA 
+ LY GSioff) g ae 35 DS Ip=in 


1| YGS(F) Gate-Source Voltage ne ie ed See Si Vps=0V,IG=2mA 
C} Ipss Saturation Drain Current (Note 1) Saeed et Vps = 15 V, Vgg =0 


pi Oy oi &}] Gt hy 


'DS(on) Static Drain Source ON Resistance Rea =1mA, VGs =0 
(Note 1) af umho f = 100 MHz 
9 y Dos Common-Source Output Conductance = f=1 kHz 


10 ‘ Crs Common-Source Reverse Transfer Capacitance } pF | Vos =15V,Ip=2mA f=1MHz 
11 i me Common-Source Input Capacitance a 
12 Spot Noise Figure f= 10Hz, Rg= 1M 


f= 10 Hz 


a 


Characteristics = ee Test Conditions 


Ipss1 Saturation Drain Current 
14 Ipss2 Ratio, (Notes 1 and 2) 0.95 Vps * 15 Vi VGSa@ 
M 
A ‘ Differential Gate-Source 
=| veer bie me cee 
: 10 25 Ta= 28°C 
° 
16 AlVGs1-VGs2!_ Gate-Source Voltage yV/ Tp =125C 
AT Differential Drift (Note 3) °c | Vos = 1S\.ID= 2 ee 
10 25 50 ° 
Tg = 25C 
Ofs1 Transconductance Ratio = 
"| Lae Nos | a2 25, aa a | a + | alates 
NOTES: NCA 
1. Pulse test required, pulse width 300 us, duty cycle < 3%. 


2. Assumes smaller value in numerator. 
3. Measured at ends points, Ta and Tg. 


Q2— 


2-40 Siliconix 


matched dual 
n-channel JFETs 
designed for... 


m Dual FET 


ABSOLU fE MAXIMUM RATINGS (25°C) 


Gate-Gate Voltage 

Gate-Drain or Gate-Source Voltage 

Gate Current 

Device Dissipation (Each Side), Ta = 25°C 
(Derate 2.2 mW/°C) 

Total Device Dissipation, Ta = 25°C 
(Derate 3.3 mW/°C) | 

Storage Temperature Range 


Lead Temperature 
(1/16’’ from case for 10 seconds) 


5 


Siliconix 


Performance Curves NCA-D 
See Section 4 


BENEFITS 


® High Density 
® Matched Switch Resistance 
® Constant rps(on) with Signal 


TO-71 
See Section 6 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


lGss Gate-Reverse Current 


BVGss Gate-Source Breakdown Voltage 


VGS(off) 
VGS(f) 


Gate-Source Cutoff Voltage 


Gate-Source Voltage 


Drain-Gate Capacitance 


Gate-Source Capacitance 


oO} o]sl ola] al] wl] volo 


Saturation Drain Current 
Ratio (Notes 1 and 2) 


ay 
oO 


Differential Gate-Source 
Voltage 


ot 
—_ 


IVGs1-VGsa! 


Transconductance Ratio 
(Notes 1 and 2) 


9fs1 


=y 
N 


1. Pulse test required, pulse width 300 us, duty cycle < 3%. 
2. Assumes smaller value in numerator. 
3. Measured at end points, Ta and Tp. 


Test Conditions 


VG6s=—20 V, Vps=0 150°C 


Ig=1uHA, Vps=0 
Vps=15V,Ip=i1nA 
Vps=0V,IG=2mA 
VpsslSiViVGs=0 
Ip =1mMA,VGs=0 
VG6s=-10V 

Vps= 10V 


Vps = 15 V, Vgg=0 


N 
3° 
= 
< 


—) 
oo 
5 ae 
ro} N] | (=) 
~ ~ (eo) (=) [ee) (=) 


5, 
let] = Pel < BBE 


Siliconix 
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L9OSSNG 


DPAD1 DPAD2 DPADS DPAD10 
DPAD20 DPADS50 DPAD100 


dual pico ampere diodes __ .}.%.. 
designed for... BENEFITS 


@ Very High Off-lsolation 
1 pA Max (DPAD1) 


@ High Isolation Between Diodes 


@ Clipping Circuits 


mR Diode Switching 20 Femto Amp Typical (DPAD1) 
@ Matched Capacitances 
= High Impedance Protection © Compact Packaging 
Circuits TO-71 (MODIFIED) TO-78 (MODIFIED) 
(Pins 2 and 6 Removed) (DPAD1 Only) 


See Section 6 See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Forward Gate Current, Each Side: ..........807.. 
Total Device Dissipation @ Ta = 25°C 


DerateaiO"mW), C'te 125 Ci0 2) oe A ee 400 mW 
Storage Temperature Range............. —55 to +125°C 
Lead Temperature nS Co 
(17 16 fram case for 10 seconds) (2..... 0). i704. 300°C ASSEN GS 


Al BN 7 
1 


Bottom View Bottom View 
(Alternate) 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


CHARACTERISTIC —. UNIT TEST CONDITION 


DPAD1 
DPAD2 
DPAD5 
DPAD10 
DPAD20 
DPAD50 
DPAD100 


Reverse Current VR =-20V 


DPAD1, 2,5 
DPAD10, 20, 50, 100 


~120 

Ip =1mA DPADi, 2, 5, 10, 20, 50, 100 
Va =-5V,f=1MHz 

DPAD10, 20, 50, 100 

ae Vea1=Ve_9=-5V,f=1MHz | DPADI, 2, 5, 10, 20, 50, 100 


+V0 C-V 


10 Forward Voltage Drop 


ni|o nee 

Y| Cr Capacitance Paw 

13 ice zoe Differential Capacitance ie 
T 


APPLICATION 


Operational Amplifier Protection. Input Differential Voltage limited to 0.8 V 
(typ) by DPADS D4, and Dg Common mode input voltage limited by DPADS D3 
and Dg to +15 V. 


oe 


DPAD10 


Typical sample and hold circuit with clipping. DPAD diodes reduce offset voltages 
fed capacitively from the FET switch gate. 


2-42 Siliconix 


n-channel JFETs 5 


Siliconix 


designed for... Performance Curves NT 


@ Ultra-High Input BENEFITS 


Impedance Amplifiers © Low Power 
Ipsg < 0.2 mA (FN4117) 
Electrometers ® Minimum Circuit Loading 
pH Meters IGgs < 1 pA (FN4117A Series) 


Smoke Detectors 


* ABSOLUTE MAXIMUM RATINGS (25°C) 10-72 


See Section 6 


Gate-Drain or Gate-Source Voltage (Note 1) 
Gate-Current 
Total Device Dissipation 
(Derate 2 mW/°C to 175°C) 
Storage Temperature Range 
Lead Temperature 
(1/16” from case for 10 seconds) 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic FN4117A FN4118A FN4119A | Unit Test Conditions 
| Min | Max | Min | Max | Min | Max | 
bee bce 


Gate Reverse Current 
FN4117A Series Only 
+ 
I 


Saturation Drain Current 
(Note 2) : ; f 0.20 


Common-Source Forward 
Transconductance (Note 2) 


Common-Source Output 
Conductance 


Common-Source Input 
Capatitance 


Common-Source Reverse Transfer 
Capacitance 


*JEDEC registered data. 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. This parameter is measured during a 2 ms interval 100 ms after power is applied. (Not a JEDEC condition.) 


Siliconix 2-43 


S31u3S LLLYNZ OSTV 34S 


V6LLUN4 6LLDNJ VSLLYNI SLLVNI WZLLYNd CZLLYNI 


FN4392 FN4393 


SEE ALSO 2N4391 SERIES 


n-channel JFETs 


designed for... 


= Analog Switches 

= Commutators 

m Choppers 

= Integrator Reset Switch 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage 

Gate Current 

Total Device Dissipation at 25°C Case Temperature 
(Derate 10 mW/°C) 

Storage Temperature Range 

Lead Temperature 
(1/16” from case for 60 seconds) 


bs f 
Performance Curves NCA 
See Section 4 
BENEFITS 


@ Low Insertion Loss, High Accuracy in 
Test Systems ron 
© No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 
@ High Off-Isolation Ip(gff) < 100 pA 
@ High Speed toy < 20 ns 


TO-18 
See Section 6 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IGss Gate Reverse Current 


| BVGss__ Gate-Source Breakdown Voltage _| Gate-Source Breakdown Voltage 


IDloff) Drain Cutoff Current 


LS) 
(o} 
io} 


A 


: VGs(f)  Gate-Source Forward Voltage 
C| VGS(off) Gate-Source Cutoff Voltage 


| Saturation Drain Current 
DSS (Note 1) 


“HOP OPYUIDIOIPSL] wo]rnyo]— 


VDS(on) Drain Source ON Voltage 


'DS(on) Static Drain-Source ON Resistance 
"ds(on) Drain-Source ON Resistance 
Ciss Common-Source Input Capacitance 


Common-Source Reverse Transfer 
Capacitance 


D 
Y 
N 

Crss 


NO 
a NO I 
3 \ 
© oO | 
| 


PMN MT Cr eae 


[won| win [Max 
SSSA UTES vo V1 | syns a een ea ea : 
perenne Oey Po 


ee tae ol Se 
A i fs 200 baal 


Test Conditions 


Ig =-1HA, Vps = 0 


Ig = 1mMA, Vps = 0 
Vps=20V,Ip=1nA 


V 
Vps=20V,VGs=0 ~ 


Ip =3mA 
VGs=0 Ip =6mA 
Ip=12mA 
| 2 | Vgg=0,) 1p =1mA 
—~ J VGs =0,\!p =0 f=1kHz 
Vg6s=- 5 V 
Vos = 0 


VpD = 10 V, VGs(on) = 9 


f = 1 MHz 


en ee ae ee see ee Pe IDion) VS (off) 


mar Turn-OFF Delay Time 


NOTE: 
1. Pulse test required, pulse width = 300 us, duty cycle < 3%. 


2-44 Siliconix 


1000 pF 
Eo 


INPUT PULSE 
RISE TIME < 0.5 ns 
FALL TIME < 0.5 ns 
PULSE DUTY CYCLE 1% 


SAMPLING SCOPE 


RISE TIME 0.4 ns 
INPUT RESISTANCE 50 2 


n-channel JFETs Bs 


Siliconix 


designed Foor eee Performance Curves NVA 


See Section 4 


# Analog Switches. BENEFITS 


@ Very Low Insertion Loss 
@ Choppers 'DS(on) <3 & (J105) 
@ No Offset or Error Voltages Generated 
by Closed Switch 
me Commutators Purely Resistive 
High Isolation Resistance from 
Driver 


L£Oir 9OLf SOLE 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 


Gate-Drain or Gate-Source Voltage 

Gate Current 

Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature Range 
(1/16” from case for 10 seconds) 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic [Min] typ] Max [Min] Typ] Max| Min] Typ] Max Unit Test Conditions 
iggs_cneroeneGoronmoe | {fa {fal [| afoa [vos ov, veg 
S| vesioiy Grie-source ovo Vote faa] [10] 2] | -obos] [45] | [vos=8v.to=1an 
Piece BEE Shlfor wreaking (2k [= Pest Pes | | ypgeovitg==tua 
+ [pgs Orin saturation GurentNow 2) 500] | [200] | _]100] | [ma | vos= 16, vag-ov 
Pirercncpanco oc siesta] fea] dvegtew veg 00 
eg eaSancc aN neue gh, haf 4-6) |-— | 6-0 | vogwan vevgsn0¥ 
Bee eae 


Vps =0V,VGs = -10 V 


Csg(off Source Gate OFF Capacitance FOP OR | FE) EE a 


P| Cdg(on) 

Y Drain Gate plus Source Gate 
ON Capacitance é 

A | Csg(on) 


MItdion) Turn OnDelayTime | 5] Ts] | 15] || Switching Time Test Conditions 


ctr ise Time Vpp ABI Niet ONVin 21M 


td (off) Turn Off Delay Time VGS(off) DEY) aN, -5V 


[hE EW RL 500 S00 500 


Vps = VGs =0V 


NOTES: 
1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 300 pus; duty cycle < 3%. 


Siliconix 2-45 


J108 J109 J110 


n-channel JFETs if 
designed for * Performance Curves NIP 


See Section 4 


= Analog Switches BENEFITS 
@ Low Cost 
a Choppers e@ Automated Insertion Package 


@ Low Insertion Loss 
(DS(on) < 8 & (J108) 
© No Offset or Error Voltages Generated 
A . se by Closed Switch 
m Low Noise Audio Amplifiers Purely Resistive 


High Isolation Resistance from 
Driver 


@ Fast Switching 
td(on) + tr = 5. ns Typical 
@ Low Noise 
n = 6 nVA/Hz at 10 Hz, Typ (J110) 


Plastic 


= Commutators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage............... —25V TO-92 


Gate: Curren thee hs ia eo te ibe eee eRe een 50 mA See Section 6 
Total Device Dissipation at 25°C Ambient 
(Dérate 327 mW Che rt. ee eee 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C D 


Lead Temperature Range 
(17 1G e.trom.case, One| Giseconds) «2 se tn. ole 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


J110 
5 Oy a eT Ee AE 
| Min | Typ | Max | Min | Typ | Max | Min | Typ 
1 Gate Reverse Current (Note 1) Pr ind Rlcoe esta 3 Vos = OV, Ves =-+-15V 
VGSloff) Gate-Source Cutoff Voltage | =0.5. Vps=5V.Ip=1HA 


Vbs> OVita = pA 


Vos = 159 V, Veg = OV 
3 Vos = BV. Ves = -10'V 


15 
Vos = OV, Ves = -10 V 
15 
pF f = 1 MHz 


BVcss Gate-Source Breakdown Voltage 


n n 
n n 


Drain Saturation Current (Note 2) 


Qr-aA PAN 


ID(off) Drain Cutoff Current (Note 1) 


ERRBGE 


DS(on) Drain-Source ON Resistance 


Cag(oft) Drain-Gate OFF Capacitance 


COPFnNI OI] oO] S| wo] fo 


Cea(off) Source-Gate OFF Capacitance 


Dic 
gly nee, Drain-Gate Plus Source- 
Gate ON Capacitance 


Vos Geom 


85 


N Csa(on) 
A 
10 M| td(on) Turn ON Delay Time Switching Time Test Conditions 


J108 J109 J110 
Vop 1.5V ReaAY 1.5V 


Ry 150 2 150 2 150 2 


Rise Time 


ak 
N 
Oz: 

oe 
Be 
° 

os 
= 

w 
FS aA Ae BS 


Turn OFF Delay Time 
13 ty Fall Time 


NOTES: NIP 
1. Approximately doubles for every 10°C increase in Ta. 


2. Pulse Test duration 300 us; duty cycle < 3%. 


2-46 Siliconix 


n-channel FETs 5 


Siliconix 


designed for .. . premieres 


= Analog Switches : BENEFITS 


@ Low Cost 


# Choppers @ Automated Insertion Package 


@ Low Insertion Loss 
'DS(on) < 30 2 (J111) 
ee Commutator = No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 
Fast Switching 
td(on) + ty = 13 ns Typical 
Short Sample and Hold Aperture Time 
Cod(off) < 5 PF 
Cgs(off) < 5 PF 


Elif TLLF LLL 


ABSOLUTE MAXIMUM RATINGS (25°C) ns 
-92 


Gate-Drain or Gate-Source Voltage See Sectian 6 
Gate Current 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 
Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C 
Lead Temperature Range 
(1/16” from case for 10 seconds) 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) a 


Characteristic Test Conditions 


IGss Gate Reverse Current (Note 1) nA Vps =0V, Veg =-15 V 


VGS(off) Gate Source Cutoff Voltage Vpos=5V,Ip=1HA 


BVGss Gate Source Breakdown Voltage Vps=O0V,IG=-1HA 


S 


Ipss Drain Saturation Current (Note 2 A Vps=15V,VGs=0V 


= w a 


Fic 
=} <= S 
=| 


ID (off) Drain Cutoff Current (Note 1) A Vps=5V.VGs =-10 V 


re) 


Vps=O:1V, Ves -0V 


Vps= OViAVGS =—10'V 
f = 1 MHz 


Vos = Ves =9 


'DS(on) Drain Source ON Resistance 


Cdg(off) Drain Gate OFF Capacitance 


Cyg (off) Source Gate OFF Capacitance oF 
Cdgion) Drain Gate Plus Source Gate 28 
Caron ON Capacitance 
Switching Time Test Conditions 

J111 J112 J113 
Vpp 10 V 10V 10 V 
VGS(off) -12V -7V -5V 
Ri 800 2 1,600 22 3,200 2 


tg(on) Turn On Delay Time 
Rise Time 


td(off) Turn Off Delay Time 


i 


Fall Time 


NOTES: NCA’ 
1. Approximately doubles for every 10°C increase in Ae 
2. Pulse Test duration 300 us; duty cycle < 3%. 


Silicon 2-47 


J1441A J112A J113A 


n-channel JFETs =F. 


designed for One “© Performance Curves NCA 


See Section 4 
# Analog Switches BENEFITS 
h @ Low Insertion Loss 
= Choppers 'DS(on) < 30 & (J111A) 
@ High Off-lsolation 
= Commutators ID(oft) < 200 pA 


@ No Error or Offset Voltages Generated 
by Closed Switch 
Purely Resistive 


ABSOLUTE MAXIMUM RATINGS (25°C) TO-92 
See Section 6 
Gate-Drain or Gate-Source Voltage ............... —-40V 


ate: CULFERT site vtec tear ce Re RPP athe Seton aye ial eta 50 mA 2 
Dre U REI Ee tak val es toe mae LA eR caine RA lac eucee | verlis 400 mA 
Total Device Dissipation : 

(25°C Free Air Temperature) 350 mW s 


all INSULATED CASE 
e INSENSITIVE TO LIGHT 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Power, Deratigatte +125 (C)\ a seninee 6 bce ed dla ols 3.5 mW/°C 
Storage Temperature Range .............. —55 to +125°C ’ 
Operating Temperature Range............. —5§5 to +125°C F 
Lead Temperature :) 
(1/16" ‘fromiease'for'10 seconds) 2.64. 00 65. Ve 300°C Bottom View 
Characteristic Test Conditions 
2/8 | vesin_cresareovotvowe [eo] a Pap ap Vos =5V.10= THA 
s|a[BVGss __GateSource Breakdown Vorse | a0 | | a0] | a0] _|_Y [Vos=011g=—1Ha 
a|*[iogs___Sewation Dain Curent nore) | 20] | 15] |e] | ma |vos= 154, Vaso 


DS(on) Drain [rDS(on) Drain Source ON Resistance _—| ON Resistance ItDS(on) Drain Source ON Resistance | «| 30] ~~ | 50, ey ee Vos Ol, Va esae 


al" 
a 
Y 
aly 


Oo 


Caaltth_ Source Gew OFF Cepecionee | | 8] [8] | 6 


Cagion) 
+ 


f= 1 MHz 
Drain Gate Plus Source Gate 


ON Capacitance 


Csg(on) 


NOTES: NCA 
1. Approximately doubles for every 10°C. increase in sips 
2. Pulse test duration = 300 us; duty cycle < 3%. 


2-48 


Siliconix 


p-channel JFETs 5 


Siliconix 


designed for sie 8 Performance Curves PSA 


See Section 4 


@ Analog Switches BENEFITS 
® Low Cost 
w Choppers @ Simplifies Series-Shunt Switching 


when Combined with J113, its N-Chan- 
nel Complement 
@ Commutators @ Low Insertion Loss 
'DS(on) < 85 82 (J174) 
® No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from Driver 
@ Short Sample and Hold Aperture Time 
Cyg(off) < 5.5 pF 
Cadg(off) < 5.5 pF 
ABSOLUTE MAXIMUM RATINGS (25°C) e Fast Switching 
Gate-Drain or Gate-Source Voltage (Note 1)......... 30V Fdfon) fit © 7ns Lypleal 
errr One ee ie Ye. 50 mA T0-92 Plastia 


Total Device Dissipation at 25°C Ambient riesasiatre 
eee Ce ile gana w ogee + «ey 360 mW 

Operating Temperature Range............. —55 to 135°C P : 

Storage Temperature Range............... —55 to 150°C ‘ 1 i =) 

Lead Temperature Range : 
(1/16” from case for 10 seconds) .............. 300°C : 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


4 chee Rue" Seed er LL J176 maT i Spor 
aracteristics nit est Conditions 
[Min | Typ | Max [Min | Typ [Max | Min | Typ [Max] Min | Typ | Max | 


| Saareta eee vos 0ve5 mY 
Gate-Source Cutoff 
Gate-Source Breakdown x ws 
Se ace 
Ipss Saturation Drain Current | 55 125] -7 -7o} -2 _35 |-1.5 20h mas bil pee LIB Meee 
(Note 3) 
Drain Cutoff Current ie af 
fom wees TLL [ole penenes 
Drain-Source ON! ai 
a 


Drain-Gate OFF 
Capacitance 
Source-Gate OFF 
_ Capacitance 


QO-ADAY 


Cdg(off) 


Csg(off) 


D eae 

Y Cdg(on) Drain-Gate Plus Source- 
9 i Gate ON Capacitance 

: Csg(on) 


10} MJ td(on) Turn On Delay Time sf 
I 


pat 
Switching Time Test Conditions 
Fis oan 
12 td(off) Turn Off Delay Time ate 


a 
Vpp SHO V6 Ve EV ey 
Ru 5602 1.2 KQ2 5.6KQ 10 KQ 
cL Pal | apete ster raieaarane 


NOTES: 2. Approximately doubles for every 10°C increase in Ta. PSA 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 3. Pulse test duration = 300 us; duty cycle < 3%, 


13 Fall Time 


Siliconix 2-49 


ZAZLf 9O4Zif SZLF PLIES 


n-channel JFETs 


designed for... 


= General Purpose Amplifiers 


J201 J202 J203 J204 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1)....... -40 V 
Gate-CUIeN Tica. co sete ctw mene aca eet ae ae 50 mA 
Total Device Dissipation at 25°C Ambient 

(Derate’ssc vn wy" Chi. eee emt stein, 360 mW 
Operating Temperature Range............. —55 to 135 C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16eetron casestori10:seconds) 2.20.2... a eee 300°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise 


Characteristic 


Gate Reverse Current 
IGSS 


ial 


(Note 2) 
S Gate-Source Cutoff 
— -1. -2, 
A Gate-Source Breakdown 
° 7 | ®VGss Voltage “is | 
| 7 ; 
Saturation Drain Current 
5 Gate Current (Note 2) Eater! =35 hoe 
Common- Source Forward 
1 
Common-Source Output 
8 S Cc Common-Source Input 
M | viss Capacitance 
‘ ! 
aglelc Common-Source Reverse F 
rss Transfer Capacitance 
Equivalent Short-Circuit 
Input Noise Voltage 


NOTES: 


2. Approximately doubles for every 10°C increase in TA. 
3. Pulse test duration = 2 ms. 


2-50 


Siliconix 


1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 


Daf 


Siliconix 


Performance Curves NPA 
See Section 4 


BENEFITS 
@ High Input Impedance 
Ig = 35 pA Typical 
@ Good for Low Power Supply Opera- 
tion 
VGS(off) < 1-5 V (J201) 


TO-92 


See Section 6 Plastic 


6 
| 
D 
G 
Ss 
D 


Bottom View 


D 


noted) 


Test Conditions 


Vos = 0, VGs =-20 V 


Vps = 20 V, Ip =10nA 


ie 


Vos = 0,IG =-1 uA 
Vos = 20 V, Vgs = 0 


VoG= 20 V, Ip = !pss(min) 


500 | 1500 
f= 1kHz 
25 
Vps = 20 V, VgGs = 0 
f = 1 MHz 


Vps=10V,VGs5 =0 f= 1kHz 


n-channel JFETs 5 


Siliconix 


designed for eee Performance Curves NZF 


See Section 4 


# General Purpose Amplifiers BENEFITS 


® High Gain 
g¢s = 7000 umho Minimum 
(J211, J212) 

@ High Input Impedance 
IGss = 100 pA Maximum 
Ciss = 5 pF Typical 


CLOF Lice OL? 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Plastic 


Gate-Drain or Gate-Source Voltage 
Gate Current , 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/°C) 
Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C 
Lead Temperature Range 

(1/16 from case for 10 seconds) 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


Unit Test Conditions 


Vps = 0, Veg = -15 V 


Vps=15V,Ip=1nA 
Vps =0,1G=-1uA 
mA | Vps=15V,VGs = 0 
PA | VpG=10V,Ip=1mMmA 


s |'Gss Gate Reverse Current (Note 1) 
T | VGS(off) Gate-Source Cutoff Voltage 
8 BVGss___ Gate-Source Breakdown Voltage 


T 
I 
Cc 


B= 
2 3 < 
° 


Common-Source Forward 
Transconductance (Note 2) 


Common-Source Output 
Conductance 


Common-Source Input 
Capacitance 


Vps: = 15 V,.VE6s=0 


A | Ciss- 

M 

t\c Common-Source Reverse 
rss 


c Transfer Capacitance 


< 


Equivalent Short-Circuit Input 


en : 
Noise Voltage 


|| 


NOTES: 
1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 2 ms. 


Siliconix 2-51 


J230 J231 J232 


n-channel JFETs 


designed for... 


= Audio and Sub-Audio 
Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage (Note 1)........ 


Lead Temperature Range 
(1/16’’ from case for 10 seconds) ............0.. 


Characteristic 
| Min | Typ 


Gate Reverse Current 


~ 


% Common-Source Output 
N Sos Conductance 


2. Approximately doubles for every 10°C increase in Ue 
3. Pulse test duration = 2 ms. 


2-52 Siliconix 


Gate Current......... a Mar Nia ae aN A Cr 50 mA 
Total Device Dissipation at 25°C Ambient 

(Deratenaeau mW fC). Sienna le NE ae 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


[Max | Min [Tv [Mex | Min 


Gate-Source Cutoff 


J232 | 


a 

Teo oesionont 
Common-Source Forward 3,500|1,500 4,000 |2,500 5,000 
Transconductance (Note 3) 


"| |'GSS (Note 2) 

21 

3 BVGss Veeesaaes Breakdown pate gteetr ager 
- Sa 

5 Gate Current (Note 2) 

6 


g lA Ci. elk sale cag Input 12 12 
M apacitance 
I Common-Source Reverse 
emi ors ye | a Peo 6 
10 _ Equivalent Short Circuit ah |e a ee 
11 n Input Noise Voltage 


f= 10 Hz 
reba tte tot eee fi Us 


1. Geometry is symmetrical. Unit may be operated with source and drain leads interchanged. 


Performance Curves NPA 
See Section 4 
BENEFITS 


@ Ultra Low Noise 
€, = 8 nVA/Hz Typical at 10 Hz 


n = 2 nVA/Hz Typical at 1 kHz 


TO-92 
See Section 6 


Plastic 


D 
G 
s 
G 
s 
D 
G 
s 
D 


Bottom View 


Test Conditions 
| Typ [Max _| 
Vps = 9, VGs = -30 V 
Vps =20V,Ip=1HA 


Vps=0,1IG=-1HA 


f=1kHz 


Vos = 20.V, VGs =0 


f= 1MHz 


NPA 


Siliconix 


designed for yp AUR Performance Curves PSA 


p-channel JFETs — Be) 


See Section 4 


LZ2r OLE 


BENEFITS 


e Low Cost 
e Automatic Insertion Package 
® High Gain Amplifiers 
Ofs = 14,000 umho Typical (J271) 
e Low Noise 
= 6 nV/\/Hz at 1 kHz Typical 


m General Purpose Amplifiers 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate Source Voltage (Note 1) 
Gate Current Hoh 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/°C) 
Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C 
Lead Temperature Range 

(1/16” from case for 10 seconds) 


Plastic 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°€ unless otherwise noted) 


Characteristic Test Conditions 


200 
T | VGS(off) Gate-Source Cutoff Voltage Ae Ad os (et Rca Vps =-15V,Ip=-1nA 
a BVGss Gate-Source Breakdown Voltage (eck eB a 


ilies cemermccmmens| TTL cal 


Cc Git) GateCurrent (Note 2) |) | Current Git) GateCurrent (Note 2) |) | 2) ae weet 
Common-Source Forward 
Transconductance (Note 3) 6,000 ST [ae 15,000 | 8,000 ey te 
a el 2 
Os 
t Ph bduetance Vs = -15.V, Veg =0 


Vps=0,!IG=1uA 
Vps =-15 V, V@s = 0 
VpG = -15 V, Ip = IDSS(min) 


CG Common-Source Input 
ass Capacitance 
Mm Cc Common-Source Reverse 
! iss Transfer Capacitance 
Cc ; Sine 
Equivalent Short-Circuit 
en Input Noise Voltage 


NOTES: PSA 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 

2. Approximately doubles for every 10°C increase in i Ae 

3. Pulse test duration = 2 ms. 


Vps = -10 V, Ip = Ipss(min) f= 1 kHz 


Siliconix 2-53 


J300 


PREFERRED PART J210 SERIES 


n-channel JFETs g8s 
designed for + 5 Performance Curves NZF 


See Section 4 


@ VHF/UHF Amplifiers Bane oe 


| @ High Power Gain 
i Oscillators 20—23 dB Typical at 100 MHz, 
i Common-Source 
@ Mixers 17.5—20.5 dB Typical at 100 MHz, 


Common-Gate 
@ Low Noise Figure 

1.3 dB Typical at 100 MHz 
@ High Dynamic Range 

Greater than 100 dB 


TO-92 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) D Plastic 
Gate-Drain or Gate-Source Voltage................ oat NN 
Grate: Curren tiga) rear OER ae dais cope us errr Sa ib as 10 mA , 
Total Device Dissipation at 25°C Ambient 

(Deratesi27imWiOse es ose wk on a ee 360 mW 
Operating Temperature Range............ .—55 to 135°C 
Storage Temperature Range............... —55 to 150°C E 
Lead Temperature Range . 

(1/16” from case for 10 seconds) .............- 300°C i ; 2G 

Bottom View D 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified) 


Characteristic Test Conditions 


aaa ; 
fs 
1 
Cc 


BVGss Gate-Source Breakdown Voltage aa ee Ig =-1 LA, Vps=0 
VGS(off) Gate-Source Cutoff Voltage (Note 1) Vps=10V,Ip=1nA 


Ipss Saturation Drain Current (Note 1, 2) cll Vps =10.V,VEs=0 


6 Ws ee -Source Forward Transconductance 4500 | 9000 : 

Y ote.) umho | Vpg = 10 V, Ip = 5 mA, f= 1 kHz 
7 Jos 

A 


oO}; ilojyNhni{t— 


Common-Source Output Conductance Poy | 200r 200 


C Common-Source Reverse Transfer oe 
rss 
Cabaeltalge pF | VpG= 10 V, Ip =5 mA, f= 1 MHz 


Cl Cig Common-Source Input Capacitance 


Characteristic Test Conditions 


Saturation Drain 
Current 


IDSs 
(Note 2) 


. Gate Source 
GS(off) Cutoff Voltage 


NOTES: 


1. Ipsgg and VGss(off) are selected into 5 ranges and labeled according to above table. NZF 
2. Pulse test PW < 300 us, duty cycle < 3%. 


2-54 


Siliconix 


n-channel JFETs Siliconix 
designed for eee Performance Curves NH 


See Section 4 


soer voer 


@ VHF/UHF Amplifiers BENEFITS 


i ® Characterized for Operation at 100 
Bearers end 00M 


g ° @ Low Noise 
Mixers NF = 1.7 dB Typical at 100 MHz 


TO-92 
See Section 6 .- 
‘Plastic 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage 
Gate Current 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 
Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C G 
Lead Temperature Range : 
(1/16"’ from case for 10 seconds) 


D 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Unit Test Conditions 


MES Gratnemcwoniiow [ [100] |_| -100| ea | vos=orvas=-a0v 
[Wester Gre Source CrottVorase | 2[ | 6[ a5] | a], | vos=15v.1o=10 
aa a Vos =0.16=-THA 


| Ipss___ Saturation Drain Current (Note 2) | Saturation Drain Current | Ipss___ Saturation Drain Current (Note 2) | a rer a eae Vps = 15 V,VG6s=0 
Common-Source Forward 
Transconductance (Note 2) 4,500 lee 7,500 | 3,000 ches 
umho 
Common-Source Output 50 
Transconductance 
Vipnsi= 15 VF VGs—0 
Common-Source Input 35 35 
Capacitance 
Common-Source Reverse 
Se an al 
apacitance 


Common-Source Forward Me Ve |e Bee eee 3,008 | 
Transconductance arom tae ao 


Common-Source Output 
Conductance 


f = 100 MHz 
f = 400 MHz 
f = 100 MHz 
f = 400 MHz 
f = 100 MHz 
f = 400 MHz 
f = 100 MHz 
f = 400 MHz 

= 100 MHz 
f = 400 MHz 


f = 100 MHz 
VASES EP TST 
DS 5 f = 400 MHz 


Vps= 15 Vilp =5 mA, f = 100 MHz 
Rg =1 KX f = 400 MHz 


Common-Source Output 
Susceptance 


Vps = 15 V, Ves = 0 


Common-Source Input 
Conductance 


Common-Source Input 
Susceptance 


Common-Source Power 
Gain 

Noise Figure 

(Single Sideband) 


NOTES: 
1. Approximately doubles for every 10°C increase in Ta. NH 
2. Pulse test duration = 2 ms. 


Diss 


Siliconix 2-55 


J308 J309 J310 


n-channel JFETs airs 
designed for... ——_Se‘zznincacurver NIA 


BENEFITS 


@ VHF/UHF Amplifiers ® Industry Standard Part 


In Low Cost Plastic Package 


# Oscillators High Power Gain 
@ Mixers 


11 dB Typical at 450 MHz 
Common-Gate 


Low Noise 
ABSOLUTE MAXIMUM RATINGS (25°C) 2.7 dB Typical at 450 MHz 


Drain-Gate Voltage Wide Dynamic Range 
Source-Gate Voltage Greater than 100 dB 
Forward Gate Current Easily Matches to 75 2 Input 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/°C) TO-92 
Operating Temperature Range —55 to 135°C Sor cecuone 
Storage Temperature Range —55 to 150°C 
Lead Temperature Range 

(1/16’’ from case for 10 seconds) 


Plastic 


Bottom View 


s 
D 


Characteristic Test Conditiqns 


< 
ao] 


nN 
a 
jo} 


Gate-Source Breakdown 


Voltage ie decals 9 f 


BVGss 


Ves =-15V, 


Gate Reverse Current 
Vps=0 T =+125°C 


5 ps5 
Reva Rea 
vetilaaict Cutoff nage Smee Vps =10V,Ip=1nA 


Vps = 10 V, Vgs = 0 
Vps =0,!|G=1mA 


Saturation Drain 
Current (Note 1) 


Gate-Source Forward 
Voltage 


Common-Source For- 

17,000 
ward Transconductance 
Common-Source 


Output Conductance 


Common-Gate Forward 
Transconductance 


Common-Gate Output 
Conductance 


Gate-Drain 
Capacitance 


N 
oa 


Vps =0, 
VGs =-10 V 


n 


Gate-Source 
Capacitance 


3 
< 


Equivalent Short-Circuit 
Input Noise Voltage 


Common-Source Forward 
Transconductance 


Common-Gate Input 
Conductance 


Common-Source Input 
Conductance 


Common-Source Output f = 105 MHz 


Conductance 


Common-Gate Power 
Gain at Noise Match 


io] [NF Nowe Fue id 


20 Common-Gate Power 


Gain at Noise Match 
f = 450 MHz 


ERISA 


21 Noise Figure 


NOTE: NZA 
1. Pulse test PW 300 us, duty cycle < 3%. 


2-56 Siliconix 


n-channel JFETs he: 


current regulator diodes 
designed for... a a 


: BENEFITS 
m Current Regulation @ low Cost 


| Current Limiting @ Simple Two Lead Current Source 


@ Simplifies Floating Current Sources 
ER Biasing No Power Supplies Required 
‘ i Good Operating Current Tolerance 
@ Linear Ramp and Staircase +20% 
Generator TO-92 (MODIFIED) 


See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Peak Operating Voltage Plastic 
Forward Current 

Reverse Current : 

Total Device Dissipation at 25°C Ambient 


(Derate 3.27 mW/°C) CATHODE 
Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C 


Lead Temperature Range fe 
(1/16’' from case for 10 seconds) 


sosr vosr cosr cosr Losfr oosr 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic J501 |Unit | Test Conditions 
Forward Current (Note 1) Nominal [eas [asso [oaso [oseo [oreo | 00 mA 


VE =25V 


Peak Operating Voltage 


le hel 
(Notes 1 and 2) F Fl (Max) 


Qa-APAN 


Limiting Voltage (Note 3) IF = 0.9 IF} (Min) 


Small-Signal Dynamic metic oe el ee ae OE EARNS 8 
igeaper lor) A f N DAE Pp Oe at aN 


NOTES: NCL 
1. Pulse test duration = 2 ms. 

2. Maximum Ve where IF < 1.1 IF 1 (Max) is guaranteed. Current-Limiter Diode 

3. Minimum VF required to insure IF > 0.9 IF\(Min)- V-I Characteristic 


Siliconix 2-57 


J506 J507 J508 J509 J510 J511 


n-channel JFETs sn, 
current regulator diodes 
designed for eee Performance Curves NCL 


See Section 4 


BENEFITS 
= Current Regulation yf ee 
ears ee @ Simple Two Lead Current Source 

@ Current Limiting @ Simplifies Floating Current Sources 

r F No Power Supplies Required 
_) Biasing @ Good Operating Current Tolerance 

e ° +209 
& Linear Ramp and Staircase ane 

TO-92 (MODIFIED) 
Generator See Section 6 
ABSOLUTE MAXIMUM RATINGS (25°C) ate iid, 
Reak: @peratusg Moltages: 1. Nua as ci en 50 V 
Forward, Gereneme se sans tL) Geyer oy ui. ee ere 20 mA 
Reverse Cuimerrims ial alo k sibur Pe ris had ka he MINA aa at 50 mA 
Total Device Dissipation at 25°C Ambient 
(Derateiaa2vimW/) C)ac eerie eo) ren 360 mW ales 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C : 
Lead Temperature Range . 
(1716 Trommcase,.0rn tOseconds) 20. 2. 300°C fea) A 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


min | 4.120 | 1440 
A) Sip ae Forward Current (Note 1) 1.400 | 1.800 4.7 Vippzom 
T 
| row facta ca ersoic aia 
C 
5 ries 
Gary ene S ee ee ee edo inh 
6 cen EES PAS: Oey Pe le PES 
7] | 5... SmallSignal Dynamic fief et ta fe ane Ne 
| E= 5 
N 
NOTES: NCL 


1. Pulse test duration =2 ms. 
2. Maximum Vr where IF < 1.1 IF y(:gx) is guaranteed. Current-Limiter Diode 
3. Minimum VF required to insure IF > 0.9 IFy(Min)- V-| Characteristic 


2-58 Siliconix 


n-channel JFETs SF» 
current regulator diodes 
designed for ee @ Performance Curves NKL, VRMA 


See Section 4 


(ooL6r) 7Ssr 


BENEFITS 
= Current Regulation © Low Cost 


B prs @ Simple Two Lead Current Source 
=@ Current Limiting @ Simplifies Floating Current Sources 


# Biasing 


No Power Supplies Required 


= Linear Ramp and Staircase TO-92 (MODIFIED) 
Generator See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Peak Operating Voltage 
Forward Current 
Reverse Current 
Total Device Dissipation 
(25°C Free Air Temperature) CATHOBE 
Power Derating (to +125°C) 
Storage Temperature Range —55 to 135°C 
Operating Temperature Range —55 to 135°C 
Lead Temperature Range 
(1/16 from case for 10 seconds) 


Plastic 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Typical Test Conditions 
Ve = 100 V 
1F4 Forward Current (Note 1) 


Peak Operating Voltage peste PHAN 
(Notes 1 and 2) c pur eraea! 
Limiting Voltage (Note 3) as IF = 0.9 IF] (Min) 


Wises ZAsyV/ 
Mies iO, 


Small-Signal Dynamic 
Impedance (Note 1) 


Anode-Cathode Capacitance 


NOTES: NKL, VRMA 
1. Pulse test duration =2 ms. . 

2. Maximum VF where IF < 1.1 1F1(Max) is guaranteed. 

3. Minimum VF required to insure IF > 0.9 IF4(Min)- 


NA e440 AAT Ab DINE 4 4 


Ve =25V,f=1MHz 


Siliconix 2-59 


J553 J554 J555 J556 J557 


current regulator diodes _ ...%.. 
designed for ee @ Performance Curves NCL | 


See Section 4 


= Current Regulation BENEFITS 

eUlhle ns @ Simple Two Lead Current Source 
a Current Limiting @ In Low Cost Plastic Package 
gy Biasing ® Simplifies Floating Current Sources 


No Power Supplies Required 
& Low Voltage References 


TO-92 (MODIFIED) 


ABSOLUTE MAXIMUM RATINGS (25°C) Sea, Septem s 
Peak'Onperatiaammoltagedin. .. Mile a cakh eit eem ee toe 50 V Plastic 
Forward Cumeemts . ogg ee kee iis UM 20 mA 
RREVERSECC ENP ER ds sails co utes ae hae cola URE 50 mA perce: 
Total Device Dissipation at 25°C Ambient 
(Derates 2 7amiW 7 G) hie socks evans cee ae ee 360 mW 
Operating Temperature Range............. —55 to 135°C ¢ 
Storage Temperature Range............... —55 to 150°C : 
Lead Temperature Range A 
(1V1G64 tromicasetton O seconds) 'y.... 15.3.0 ae ee 300°C pad 


c Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Dynamic Knee 
Regulator Current Limiting Voltage Peak op Volt Impedance Impedance 
i Max Typical ley (Max) Typical Typical 
Volts Min Volts Megohms Mesonipe 
i ea 
3.0 


2 


as a 


NOTES: 
1, Pulse test—steady state currents may vary. 
2. Pulse test—steady state impedance may vary. 
3. Min Ve required to insure I->0.8 Iq (min). 
4. Max Ve where Ir < 1.1 IF 1(max) is guaranteed. 


2-60 Siliconix 


: Ow- ; ed ka e eee 
pico-amp diodes 
designed for... 


= High Impedance Diode BENEFITS 
Switching © Low Cost 


@ High Dynamic Range Log Amps 


@ High Isolation Protection 
Circuits 


TO-92 (MODIFIED) 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Forward Current y 


Total Device Dissipation 
Storage Temperature Range 
Lead Temperature 
(1/16” from case for 10 seconds) 
A 
i 
Bottom View 


ELECTRICAL CHARACTERISTICS (25°C) 


Characteristic i Test Conditions 


IR Reverse Current (Note 1) 


Breakdown Voltage (Reverse) |-35]-80/ | vi | IR =—t uA 
Forward Voltage Drop SS aaa Ip =5mA 


NOTE: ~ 
1. The JPAD type number denotes its maximum reverse current value in pico amps, 
Devices with IR values intermediate to those shown are also available on request. 


Siliconix 2-61 


Ocavdr OLGVdf Savdfr 


oosaqvdf oozavdr oolavdr osavdf 


JRI3SV JRTI7ZOV JR200V JR220V JR240V 


high voltage sini 
protection diode 
designed for. ee Performance Curves VRMA 


See Section 4 


& High Impedance Diode BENEFITS 
Switching e Offers High Voltage Protection 
e Broad Current Range 


@ High Dynamic Range Log Amps 


& High Isolation Protection 
Circuits 


TO-92 (MODIFIED) 
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


Anode to Cathode Voltage 


Plastic 


Forward Diode Current IF 

Reverse Diode Current IF 

Power Dissipation Pp 

_ (Derate 3.27mW/°C) 

Storage Temperature TSTG —55°C to 150°C ' 
Operating Temperature Top —55°C to 135°C Fae aes 


ELECTRICAL CHARACTERISTICS (25°C) 


Characteristic | Min | Typ | Max | Unit Test Conditions 


VF=2V 
VF=100V 

1=0.8 Ip 
VE=25V 

VF = 2-100V 

Ta = —20 to + 85°C 


1. Pulse test duration 2 ms. 


2-62 Siliconix 


45 


Siliconix 


enhancement-type 
n-channel MOSFET 


designed for... MEN’ See Section 4 


= 
o 


= General Purpose Amplifiers BENEFITS 


e @ Low Insertion Loss 
@ Analog Switches ROS (re 1 00 CRIMeclinur 


8 Digital Switching © Rugged 


Zener Diode Input Protection 


TO-72 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Diaiena source Voltage yo. tae. a 30 V ne 
Gate-me_-Source Voltagebn.:.. wwe ees. 3OV G 
Gatestmeorain, Voltage 2.) te as eee eee SOV 

Draenei ee ae ee ern oe ne 50 mA N 
Gatewenen Current: (4 ie) 8 a eee oe tO mA , 


Storage: remperature har -65 to 150°C 
Operating Junction Temperature ......... =55 t0 +h2o\C 
Total Device Dissipation 

(Derate 2.25 mW/°C to 125°C) ...... eC | 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) MiMIG 


Wi] w 
— 
oO 


Test Condition 


Characteristic 


= 
i=) 


pA VcGs = 20 V, Vps = Ves = 0 

Vacs = Vos, |p = 10HA, Ves = 0 
Ip = 1uA, VGs = Ves = 0 

Is = 1HA, VGD = VBD = 9 

IG = 10HA, Vsp = Vop = 9 
Vps = 20 V, VGs = Vas = 9 

Vsp = 20 V, VGp = VBp = 9 

Vs = 20 V, Ip = 100HA, Ves = 0 
VG6s = 10V, Ip = 100 uA, Ves =0 


IGss Gate-Body Leakage 


VGS(th) Gate Threshold Voltage 


1 

2 

3 ‘ BVpss__ Drain-Source Breakdown Voltage 
4]+7 | BVsps Source-Drain Breakdown Voltage 
5 
6 


A | BVGps Gate-Body Breakdown Voltage 


WwW 


ID(off) Drain Cutoff Current 


\ A 


c | 'S(off) Source Cutoff Current 


TDS(on) Drain Source ON Resistance pant 


wo] o}]na 


NUN 
NPT OT O 


10 Ciss Input Capacitance Vos = 0, Vpg= 10 V, Vgs= 0 
11 . Cgs Gate-Source Capacitance a Vcp = Vpp=0 f= 

2 1MH 
12} | Cod Gate-Drain Capacitance Body Guarded : 


VGB=9, Vpg=10V ried 


13 Cdb Drain-Body Capacitance 


= 
rs] 
2 


Siliconix 2-63 


M440CHP M441CHP 


monolithic dual ai 
n-channel JFET Chips 


designed for... 


@ Hybrid Circuits 


= Wideband Differential noon 
Amplifiers 


@ VHF/UHF Amplifiers 


BENEFITS 


@® High Gain through 100 MHz 
Of, > 4500 umho 


@ Low Insertion Loss 
® Tight Tracking 


ABSOLUTE MAXIMUM RATINGS (25° C) 


Gate-Drain or Gate Source Voltage ................. BOL. 
Cafe CUM emt. hi mooted hh staat An oe cutee 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 
[Min | Typ | Max | min | Typ | Max | 
[igs Ga Raw coven ow [|| -s00] |_| -s00] ea] -vos-0, vegeta 
VGS(off) Gate-Source Cutoff Voltage . a a ee ee, eee eee Vps=10V,Ip=i1nA 
Foss Ssurton Din Covent Nove] of | 30] 6| | 20] ma_| vos= tov.ves=0 
[ig Gate Crane Nore) |__| | 800] |__| 300] ea [Voc 10¥v.10= 8m 


Common-Source Forward 
ror Common-Source Input 
ee Capacitance 


QO-4aprP4a% 


VpG = 10V,Ip=5mA 


~ 
Qo-sr2<o 
ee = 
a wn” 
Qu 2) 
ie 
a 
ca 
606 
a > 
2 WwW 
® 2 
ra) 
oO 
je) 
S 
oo 
= 


9 Cc Common-Source Reverse 
Wks Transfer Capacitance 


IVGS1-VGS2| Differential Gate-Source Voltage 


4>2 


NOTES: NNZ 
1. Approximately doubles for every 10°C increase in AG ; 
2. Pulse test duration = 300 usec; duty cycle < 3%. 


2-64 Siliconix 


45 


Siliconix 


monolithic dual 
n-channel JFETs chips 


designed for... 


@ Hybrid Circuits BENEFITS 


@ High Gain through 100 MHz 
@ Wideband Differential Gf, > 5000 umho 
Amplifiers @ Low Insertion Loss 


® Tight Tracking 
@ VHF/UHF Amplifiers 


D; Do 
ABSOLUTE MAXIMUM RATINGS (25° C) os oe 
i -25V nth 


Gate-Drain or Gate Source Voltage ................. 
ee, wh Pyis an oie ce ewe ce M Rupee 50. mA 


*ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


Characteristic mt ie Maen: une Test Conditions 


1 -100 pA 
Gate Reverse Current i Me ae 1000 eal MGsieis15 V.iVbs a0 = 
2 ee en Ta = 150°C 
3 Gate-Source Breakdown Voltage IG =-1uA, Vps =90 
Tih 
A A VGS(off) Gate-Source Cutoff Voltage Vv Vps=10V,Ip=1nA 
STEVGS Gate-Source Voltage 
I VpG = 10 V, Ip =5mA 
6/Cll¢ Gate Operating Current nie - x 
fa = 125.6 
Saturation Drain Current My 
8 Sfs Common-Source Forward Transconductance 5000 10,000 f = 1 kHz 
9 - f= MH 
fs Common-Source Forward Transconductance 5000 10,000 pe 100 z 
10} D | Gos Common-Source Output Conductance PRAT I PSE 7s Fa f=1kHz 
14-47, g Common-Source Output Conductance f = 100 MHz 
Ly fe — 
12] pa | Ciss Common-Source Input Capacitance er eee VpG=10V, Ip =5mA fo MHS 
13 ‘i Crss Common-Source Reverse Transfer Capacitance ee a Ee 
nV 
14 Equivalent Short Circuit Input Noise Voltage = sere = = 10 kHz 
15 S) N Fi = 10 kHz 
pot Noise Figure RG = 100K 


Test Conditions 


-meartcHe eezch 
Characteristic 
16 lig1-Ig2! Differential Gate Current pet VpG = 10V, Ip =5mA Ta = 125°C 


'Dss1 Saturation Drain Current Ratio ie 
ipss2 (Notes 1 and 2) Vps = 10 V, Ves = 0 


MGs1-VGs2! Differential Gate-Source Voltage 


Al¥gs1-VGs2!_ Gate-Source Voltage Differential 


AT Drift (Note 3) 
(Guarantee- no test) 
Sfs1 
21 Transconductance Ratio (Note 2) 
Ofs2 


*JEDEC registered data. 
NOTES: 

1. Pulsewidth < 300 us, duty cycle < 3%. 
2. Assumes smaller value in numerator. 

3. Measured at end points, Ta and Tg. 


VpG=10V,Ip=5mA 


Siliconix 2-65 


dHDZTLI6SW dHDLL6SW 


MFE823 


enhancement-type ie 
p-channel MOSFET 


designed for... See section 4° uae 


& High-Input BENEFITS 
Impedance Amplifiers @ High Input Impedance 
IGss = 30 Femto Amp Typical 
Smoke Detectors @ High Gain 


g¢s = 1000 pmho Minimum 


Electrometers 
pH Meters 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Source Voltage: 4 cvs iid soa we we SOAS O. 25 V 10-18 
Gate-sources/Oltageke. 3. eeu ae Git cee eres +10 V See Section 6 
Drain. Curren tap aticr nannies tare pen ee cone ene 30 mA 
Total Device Dissipation at (Or Below) Ta = 25°C 

sia DO rate doth Wr nt Oot DOC) etaneene aa peanemnetis 375 mW 
Operating Junction Temperature........... —55 to +150°C 
Storage-temperatures ster ne eee —65 to +200°C 


Lead Temperature he a 


S,B,C 
(1/167 from case tor 10 seconds) |. -». J .d.ceiee . ae 


ELECTRICAL CHARACTERISTICS (25°C) 


Test Conditions 
VGs'= -10-V,, Ving: =0 
Ip: =-1l04#A,VGge0 
Vps = -10 Vif) =-10 vA 
Vps=—-10 V, V@sg = 9 
Vps = -10 V, V@g =-10 V 


Characteristic | Min 
loss Gate-Source Leakage Current nee me 


BVpss Drain-Source Breakdown Voltage —25 Fees tase 
VGs Gate-Source Voltage 


- F 
Common-Source Forward 1000 
Transconductance 


Common-Source Input 
Capacitance 


Common-Source Reverse ewe 


Transfer Capacitance 


> 


oO 
” 
no 
iw) 
at 
o. 
=} 
oO 
fe 
ct 
ro) 
ae 
Q 
c 
3 
@o 
5 
oe 
| 
N 
(o) 
3 )5 I) 
8 (EBD 2 


umhos Vps =—-10 V, Ip = —2 mA, f = 1 kHz 


i?) 
z 
n 
xo) 


Vps =-10 V, Vgg = -10 V, f= 1 MHz 


oO) 
cS) 


oO 
= 
n 
n 


MRA 


2-66 Siliconix 


n-channel JFET 


designed for... 


@ VHF/UHF Amplifiers 
= Mixers 
= Oscillators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage 

Source-Gate Voltage 

| Drain-Source Voltage 

Forward Gate Current 

Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature Range 
(1/16” from case for 10 seconds) 


—55 to 135°C 
—55 to 150°C 


15 


Siliconix 


Performance Curves NH 
See Section 4 


BENEFITS 


@ Low Cost 
® Automatic Insertion Package 


TO-92 
See Section 6 


Plastic 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 
—2.0 
—2.0 


Gate Reverse Current 


| 
n 
n 


Gate-Source Breakdown 
Voltage 


ioe) 
= 
G) 
n 
n 


Gate-Source Cutoff 
Voltage 


VGS(off) +3 


Ipss Saturation Drain Current 


GS 


nT AB?) 


nese: 
2.0 
—0.5 
2000 
1600 


Gate-Source Voltage 


Common-Source Forward 
Transconductance 


7500 


vo} 
a 
7) 


Common-Source Forward 
Transconductance 


Common-Source Output 
Conductance 


Common-Source Input 
Conductance 


0 
20 
200 
800 

Common-Source Input 
’ v/A0) 

Capacitance 

3.0 


Common-Source Reverse 
Transfer Capacitance 


Oo Nf 


1. Pulse test PW = 300 us; duty cycle < 3%. 


Siliconix 


Unit Test Conditions 
Qe V —15V.V 

= 5 5 = (0) 

GS DS Ta =+100°C 


= 
> 


lg =—-10 HA, Vps = 0 


Vps=15V,Ip=2nA 


3 


Vps = 15 V, Vgg = 0 (Note 1) 
Vps = 15 V, Ip = 200 uA 


< 


f = 100 MHz 
Vins =o" Vics — 0 


al 


2-67 


cOLAdW 


MPF108 


n-channel JFET site ni 


designed for re Performance Curves NH 


See Section 4 


@ VHF/UHF Amplifiers BENEFITS 


@ Low Cost 
m@ Mixers @ Automatic Insertion Package 


= Oscillators 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Plastic 

Drain-Gatervolrage i. 6s Dale Yee Gee Sa 25.V 
Source- Gate verge ek nV a ea ee Ce es 25 V 
Drain-SOureenvol tage tia) ec tie anata eee tena ter atten 25 V 
Forward: Gateimourrente.: si) 25 cic ye atatmewe ie tsa 10 mA 
Total Device Dissipation at 25°C Ambient 

(Derate si2HimW/°C). od. ek, ER aiid ree 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range.............-. —55 to 150°C Z 
Lead Temperature Range ; i x 


(T/16 virom.case Tor) 10 SeCOnds) nue os eos eee 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic SeMax ap Onte | Test Conditions 


: s|i'Gss Gate Reverse Current ice a 2 ine. waa VGs =715.V, Vps =0 
ae a ° 
: Po pe ea TAT HOG 


2 ™ ~ 
Gate-Source Breakdown 
A — = = 
3 fe BVGss Voltage 25 Pee y Ig =-10 HA, Vps = 9 
4) 1 VGS(off) Gate-Source Cutoff Voltage Vps =15V,Ip=104uA 
al”. 1ps8 Saturation Drain Current | 15 | 24 | mA | Vps=15V,VGs=0 (Note 1) 


4 
Common-Source Forward 
Ofs Transconductance ate [Se 


6 
a rs 5 f =1 kHz 
ommon-Source Output 
: ote | Coe aunt [a | eee 
- F 
8 Rely¢z) Common-Source Forward 1600 RNR 6 
5 Transconductance 
Y Common-Source Output if he % 
A 
10|M Rely) Common Source Input | eo 
I Conductance 
Cc 


1 C: Common-Source Input 
hie Capacitance 
pF 
Common-Source Reverse 
1 
a). |Grss Transfer Capacitance ita 
13] | ia eee ay eae Vps=15V,Vgg=0,RG=1MQ | f=1kHz 
14 en epee Vps =15V,Vgg=0,RG=1K2 | £=100MHz 


NH 


f =1 MHz 


1. Pulse test, pulse width = 300 us, duty cycle < 3%. 


2-68 Siliconix 


n-channel JFET 5 fT 
designed for.. ° formas ort eee 


60 LaidW 


= General Purpose Amplifiers BENEFITS 
@ Low Cost 


| Analog Switches @ Automatic Insertion Package 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 


Drain-Gate Voltage 
Source-Gate Voltage 
Drain-Source Voltage 
Forward Gate Current 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 
Operating Temperature Range —55 to 135°C 
Storage Temperature Range —55 to 150°C 
Lead Temperature Range 


G 
Ss 
(1/16” from case for 10 seconds) i 
[) 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


S IGss Gate Reverse Current ViGs= a1ISsVi Vpsa0 
Gate-Source Breakdown Ni Mt 
: BVGss Voltage Ig =—-10 vA, Vps = 0 


i VGS(off) Gate-Source Cutoff Voltage Vps=15V,Ip=10nHA 


Common-Source Forward 
Common-Source Output 
Jos Conductance 
N Vps = 15 V, Ves = 0 


A Cc: Common-Source Input 
* foe Capacitance 


Cc Common-Source Reverse 
rss Transfer Capacitance 


Vps = 15:V, Ves 2:0; cg 
ee thle Rg =1MQ belie 


BNOTE: NRL, NPA 


1. Pulse test PW < 630 ms, duty cycle < 10%. 


Siliconix 9-69 


MPFI111 


designed for... 


= Analog Switches 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gat@py Gnade i... ats om cleat ass 
Source-Gate*Voltage ow ee aw es 
Drain: OOUICenVOllad@ey sy. acai wake ee 
Forward Gate Current. worn cis cco widens cle wives 
Total Device Dissipation at 25°C Ambient 

(Derate BeaysmW/_G). ented ee cake bie te 
Operating Temperature Range............. 
Storage Temperature Range............... 
Lead Temperature Range 

(1/16 from case for 10 seconds) ........ 


Characteristic 


Gos Common-Source Output Conductance 


NP OO] oO] TR], wlni= 


A Ciss Common-Source Input Capacitance 


I Common-Source Reverse Transfer 
c | Crss 
Capacitance 


00 


NOTE: 
1. Pulse test PW < 630 msec, duty cycle < 10%. 


2-70 


in-channel JFET sie ix 


= General Purpose Amplifiers BENEFITS 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


A|BVgGss__Gate-Source Breakdown Voltage 
- 


Ipss Saturation Drain Current 
fs Common-Source Forward Transconductance 


r lIGss Gate-Reverse Current am 
2 VGS(off) Gate-Source Cutoff Voltage 


5 


Performance Curves NRL, NPA 
See Section 4 


@ Low Cost 
@ Automatic Insertion Package 


TO-92 
See Section 6 


Plastic 
AY ce ones 20V 
caer ake 20V 
teree PAN a 20V 
Greene LOMITA 
.... 300 mW . 
—55 to 135°C 
—55 to 150°C G . 


G 
Ss 
D 


Bottom View 


| Max | Unit | Test Conditions 
| -100 | nA | Vos=-10V, Vps=0 


y Ig =—-10 nA, Vps = 0 
Vps =10V,Ip=1uA 


Vps = 10 V, Veg = 0 (Note 1) 


Vps= 10°evGs-o 


Siliconix 


n-channel JFET B: 


Siliconix 


designed for oo Performance Curves NH 


See Section 4 


TLLAdW 


@ VHF/UHF Amplifiers | BENEFITS 


@ Low Cost 
@ Automatic Insertion Package 


= Mixers 
= Oscillators 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 


Drain-Gate Voltage 
Source-Gate Voltage 
Drain-Source Voltage 
Forward Gate Current 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) D 
G 


Operating Temperature Range 
Storage Temperature Range 
Lead Temperature Range 


(1/16” from case for 10 seconds) : () 


Bottom View 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


+ 
Ss 


Test Conditions 


nA VGS= aI ONMEN Ds = 0 


Characteristic 


= iGss Gate Reverse Current 


y 
—0.01 


Gate-Source Breakdown 


Voltage IG = LO uA Nose 


BVGss 


Gate-Source Cutoff 
MGSIoH). . Vottage 


Ipss Saturation Drain Current 1 


Common-Source Forward 
Transconductance 


Vps=10V,Ip=1uA 


mA | Vps= 10 V, Vgg = 0, (Note 1) 


ol 


f= ikkiz 


o1 o 


Cc -S F d penne 
ommon-Source Forwar 
a a ee 800 


f= 
Transconductance 100 MHz 


Voss Ovi ViGs'=0 


Common-Source are 


C; 
SS are 


Ww 
ol 


Common-Source Reverse 


& Transfer Capacitance 


Crsg 


NOTE: 
1. Pulse test PW = 300 us, duty cycle < 3%. 


Siliconix O74 


P1086 P1087 


PREFERRED PARTS J174 SERIES 


designed for... 


@ Analog Switches 
= Choppers 
= Commutators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1)......... 
Gate Curreiitimaercs it aia acewictetas e essha a oaleinche oO Uhrenten: 


Total Device Dissipation at 25°C Ambient 


(Derate shay MW C)o era eae sete 
| Operating Temperature Range............. —55 to 135°C 


p-channel JFETs 


5 


Siliconix 


Performance Curves PSA 
See Section 4 


BENEFITS 
@ Low Insertion Loss 

'DS(on) = 79 82 Maximum (P1086) 
® No Offset or Error Voltages Generated 


by Closed Switch 
Purely Resistive 


TO-92 
See Section 6 


Storage Temperature Range............... —55 to 150°C 


Lead Temperature Range 
(1/16’’ from case for 10 seconds) 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


Gate-Source Breakdown 


BYG Voltage 


oO 

oO a) 
ay 
o 
oo 
o 


IGss Gate Reverse Current 


ID(off) Drain Cutoff Current 


PAM 


” 
n 


Tt! 'pGo Drain Reverse Current 


C | VGs(off) Gate-Source Cutoff Voltage 


Ipss Saturation Drain Current 


VDS(on) Drain-Source ON Voltage 


Static Drain-Source ON 


"DS(0n) Resistance 


'ds(on) Drain-Source ON Resistance 


Common-Source Input 


Cc: . 
Y | \iss Capacitance 


oO 
(=) ol oO oa NO] a Nh 


Common-Source Reverse 
Transfer Capacitance 


Turn-ON Delay Time 


Cc rss 


: td(on) 
1 tr Rise Time 
Turn-OFF Delay Time 
Fall Time 


T 
Cc td(off) 
H tf 


NOTE: 


1. Due to symmetrical geometry, these units may be operated with 


source and drain leads interchanged. 


2-72 


a] 
od 
o 
fee] 
~N 


i) 
oO 


Test Conditions 


Vv Ig=1HA, Vps = 0 


VG6s = 15 V, Vps =0 


=] 


Vps =—-15 V, Ves = 12 V (P1086) 
A |VGs=7 V (P1087) 


Ta =85°C 


VpG=-15 V, Is =0 Ta =85°C 
V Vps =-15 V, Ip =-1-4A 
A~|Vps 2720.4 Ves, 20 


Vgs = 0, Ip =-6 mA (P1086); Ip =-3 mA (P1087) 


fl felehle lela] |e 


Ip =—-1 mA, Ves =0 
Ip =0, Veg =0 f = 1 kHz 


Vps =-15-V, Veg =0 


Vps = 0, Vgg = 12 V (P1086) 
VGs = 7 V (P1087) 


3 ca | 


45 


2 
Q 
pF 


75 
25 


= 1 MHz 


Vpp =—6 V, VGs(on) = 9 
VGS(off) 
12V 
7V 


ID(on) 
—6 mA 


—3 mA 


P1086 
P1087 


Siliconix 


low-leakage Ss 


Siliconix 


pico-amp diodes 
designed for... eae 
@ Very High Off-lsolation 


# Clipping Circuits 1 pA Max (PAD1) 


= Diode Switching 


& High Impedance 
Protection Circuits 


TO-18 (MODIFIED) 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Forward Current 

Total Device Dissipation 

Storage Temperature Range i ANODE _—cASE 

Lead Temperature rg Sits 
(1/16"’ from case for 10 seconds) CATHODE 


(Case lead for 
ANODE PAD1, 2, & 5 only) 


CATHODE 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


IR Reverse Current 


PAD100 


ee a PADI, 2,5 
BVR_ Breakdown Voltage (Reverse) IR =-1uUA 
: ee Be PAD10, 20, 50, 100 


Forward | Ve Forward Voltage Drop Drop Pipe Aen ann 5mA PAD1,:2, 5, 10,20; 50,100 


PAD1, 2,5 
v Cr Capacitance VR=-5V,f = 1 MHz 
PAD10, 20, 50, 100 


OLOINIDOI ATP] win] — 


_ 
oO 


ein 
| CONTROL SIGNAL 


APPLICATION 


Operational Amplifier Protection.Input Differential Voltage limited Typical sample and hold circuit with clipping. PAD diodes reduce 


to 0.8 V (typ) by PADS Dy and Dz Common mode input voltage offset voltages fed capacitively from the FET switch gate. 
limited by PADS D3 and Dg to +15 V. 


Siliconix 9-73 


Sa1luaS SGVdf LNAITVAINGI SILSV 1d 


OOLGWd OSGVd O7ZdWd OLGWd SdWd 7dVd dvd 


n-channel JFETs 


designed for... 


@ Analog Switches 

= Commutators 

@ Choppers 

@ Integrator Reset Switch 


ABSOLUTE MAXIMUM RATINGS (25°C) 


PN4091 PN4092 PN4093 


ma) 
2 
> 
o 
© 
= 
n°) 
2 
es 
o 
© 
N 


Characteristic 


BVGss Gate-Source Breakdown Voltage 


= 


rds(on) Drain-Source ON Resistance 
Ciss Common-Source Input Capacitance 


Cc Common-Source Reverse Transfer 
Joe Capacitance 
: td(on) Turn-ON Delay Time 


DS(on) Static Drain-Source ON Resistance 


—- |W] wo 


loff Turn-OFF Time 


NOTE: 
1. Pulsewidth = 300 us, duty cycle < 3%. 


a i Se 
oO}; 


2-74 


Reverse Gate-Drain or Gate-Source Voltage......... -40 V See eri 6 
Gate Genet tee WH pr tose clk whet ee eyeene ease! eae 10 mA - 
Total Device Dissipation at 25°C Ambient 
(Derateras 2am Woe Cl aeerdk fi a a 360 mW : ; 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C : 
Lead Temperature Range é 
(1/16’’ from case for 10 seconds) .............. 300°C [:) ns) 
D 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


4 eineodl sasiuehevigrd smadeda-ry 4200 ee 

5 pegenap getal estonia | 400 4 150°C 
SMEMMiesetgter ten lod a. 
9 sje Sad ape [aap ona | nL a 150°C 
Tain ieee cs FS (ee 

12 a a Pa Pe Ip =2.5 mA 

13 VDS(on) Drain-Source ON Voltage Pe aoe | Vv Ves =0 Ip=4 mA 

14 [i P2025 | fcoe ne Le Mae ip =6.6mA 


lis 
Far? 
Tee 


Yop 
Rt 
+ 2 Vout 
IN 
iS 


psf 


Siliconix 


Performance Curves NCA 
See Section 4 


BENEFITS 


@ Low Insertion Loss 
High Accuracy in Test Systems 

'DS(on) < 30 Q (PN4091) 

@ High Off-lsolation 
ID(off) < 200 pA 

@ High Speed 
trise < 10 ns (PN4091) 

® Short Sample and Hold Aperture Time 
Crss < 5 pF 


Plastic 


Bottom View 


Test Conditions 


S 
= 


IG =-1uA, Vps =0 


8 
fo) 
ro) 
2 jD {> lolel ¢ 
De > ee ’ 


V6és=90,!Ip=0 f=1kHz 


Vps = 20 V, Vgs = 0 


fee) 
oO 
: 


f = 1 MHz 
Vps =0, VGs = -20 V 


VDD =3 V, VGSion) = 0 


ID(on) VGS(off) RL 
PN4091 6.6mA -12V 4252 
PN4092 4 -8 700 
PN4093 2.5 -6 1120 
NCA 


SAMPLING SCOPE 
RISE TIME 0.4 ns 
INPUT RESISTANCE 10M 
INPUT CAPACITANCE 1.7 pF 


INPUT PULSE 


RISE TIME < 1ns 

FALL TIME <1ns 

PULSE WIDTH 1 us 

PULSE DUTY CYCLE < 10% 

PULSE GENERATOR IMPEDANCE 502 


Siliconix 


n-channel JFETs 5 


Siliconix 


designed for $8 0 Performance Curves NT 


See Section 4 


|@ Ultra-High Input BENEFITS 


Impedance Amplifiers © Low Power 
Ipss < 90 wA (PN4117) 
Electrometers @ Minimum Circuit Loading 
pH Meters IGss < 1 pA (PN4117A Series) 


Smoke Detectors 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage......... 


eer nt e  W . R w ob anc chmmen pte 10 mA TO-92 Plastic 
Total Device Dissipation at 25°C Ambient See Section 6 

(etates 7 TIVE Gy! ee hee 360 mW D 
Operating Temperature Range.......... .4.—55'to/135°C 
Storage Temperature Range............... —55 to 150°C G 
Lead Temperature Range g 

(1/16” from case‘for 10-seconds) ..... 0.0.0... 300°C 

oy 


Bottom View D 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


PN4117 PN4118 PN4119 PN4120 
Characteristic Test Conditions 
| Min| Typ] Max| Min| Typ] Max] Min | Typ| Max] Min] Typ| Max 

1 | Gate Reverse Current eis eto past [= Petot<b bret rofj | -t-20"| Spa) Vgs = -20 V, Vps = 0 

Z| _|'SSS_ puesta Ory a | 16 
3 : Gate Reverse Current Le 3) aiid ie Ee Bie ee ae VGs = -20 V, Vps = 0 
sci Ac ia 
5 

6 


| [Bves5  Griesoueaearcomvoroe [=e] | [et | [=| | | Fe] , [isaeavos=c 
© [Vesit) _GeveSouce Ct Vorow [29 [8] | VoS= 10V. 19-1 


ee ea eS 
j toss Saturation Drain Current. 003] fooefoos} fozeo20} Josalocs} | os | ma | Vps = 10 V, Vgg = 0 
(Note 2) 


8 Common-Source Forward 70 210 250] 100 330] 70 300° 
D | %f Transconductance (Note 2) 
Y umho f=1kHz 
: A : Beieee! ae Pitter cert 1s 
; os 
A Conductance Vibe2 TONNES 0 
10 M CG Common-Source Input 3 3 3 3 
! 185 Capacitance 
i pF f= 1MHz 


Cc 
i Cc Common-Source Reverse Transfer 15 15 a6 15 
: rss Capacitance 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. This parameter is measured during a 2 ms interval 100 ms after power is applied. 


Siliconix 2-75 


VOTLUNd OCLUNd V6LLUNd 6LLUNd 


VS8LLUNd 8LLUNd VZLLUNd ZLLUNd 


PN4302 PN4303 PN4304 


n-channel JFETs 


designed for... 


= General Purpose Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) ....... —30V 
Gate CULENIE re ee ete ere ee ne oP ar Bee 50 mA 
Total Device Dissipation at 25°C Ambient. 

ICT ATC aaa TW fs Che teas te oa en ee 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16" from case for 10 seconds) .............. 300°C 


Characteristic 


IGss Gate Reverse Current (Note 2) 


BVGss Gate-Source Breakdown Voltage = 
VGS(off) Gate-Source Cutoff Voltage 
Ipss Saturation Drain Current (Note 3) 


Common-Source Forward 
Sfs Transconductance (Note 3) 
Common-Source Output 
Jos Conductance ' 
Cc Common-Source Reverse Transfer 
JRE Capacitance 
C, Common-Source Input Capaci- 
ISS tance 


CpG Drain-Gate Capacitance 


1 
0.1 


OTR fwopni— 
QO-AbA 


o 
[o) 


NF Noise Figure 


Common-Source Short Circuit 
lYfs| Forward Transadmittance 
(Note 3) 


12 00 


=1o] ot|a | lo 
Os Pe <0 


ae 
N 
Oo N 


NOTES: 


2. Approximately doubles for every 10°C increase in Tas. 
3. Pulse test duration = 2 ms. 


2-76 Siliconix 


3 gait Ss 


Psd eo 


1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 


Day 


~ Siliconix | 


Performance Curves NPA, NH 
See Section 4 


BENEFITS 


® Low Cost 
® High Input Impedance 
IG = 35 pA Typically 
® Low Noise 
@n = 5 nVA/Hz Typically @ 1 kHz 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


PN4304 


Se 
ro) N 
= 
3 
2y 
3 


TO-92 
See Section 6 


D 

Ss 
G 
s 
D 


Plastic 


I 


G : 
s 
D . 


Bottom View 


nit 


A 


> 


xe) 
a 


Test Conditons 


V.gs 5 +10 V, 
Vps =0 Ta = 85°C: 


IG =-1 HA, Vps =0 
Vps = 20 V, Ip =10nA 


f=1 kHz 


f = 1 MHz 


f = 140 kHz 


f = 1 kHz, 
Rgen = 1.0M 2 


f = 10 MHz 


NPA, NH 


n-channel JFETs B: 


Siliconix 


designed for eee Performance Curves NCA 


See Section 4 


"7 
y 
om 
fod 
Se) 
worti 
P "~ 
= Analog Switches BENEFITS 2 
® Low Insertion Loss ep 
as Commutators ®@ No Offset or Error Voltages Generated . 
by Closed Switch |e) 
a Choppers Purely Resistive 
High Isolation Resistance from "~ 
Driver y 4 
® Low Cost Plastic f") 
fa 
ABSOLUTE MAXIMUM RATINGS (25°C) Px 
TO-92 
Reverse Gate-Drain or Gate-Source Voltage ......... —40 V See Section 6 
POnmoandiGare OUMENT... oe ce ee ee RIE, 50 mA 
Total Device Dissipation at 25°C Ambient 
eee W/O) ie dees con Peek 360 mW : 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C i a3 
Lead Temperature Range s 
(9746, trom case for 10 seconds) sos. 8s es 300°C : 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Beton View 
Characteristic | pNa3o1_ [| pNa302_— | PN4393 Unit Test Conditions 
Ea a : 


Feasianl al cs * 100°C 
tes 
aed FE Vipgg = 20 .VilhoVGS aad Ni a 
reer ey am 
10 | ¢ + Same Gate-Source Cutoff Voltage state Vos = 20V, Ip =1nA~ 


| Ipss Saturation Drain Current (Note 1) Roe ee | mA Vps = 20 V, Ves = 0 
13 VDS(on) Drain-Source ON Voltage eis ae Vv Ves =0 Ip =6mA 


Drain Cutoff Current 


OFWOINI DIO [AR] w [rv f— 


Ip =12mA 
15] [roston) State Drain-Source ON Rents |_| 
16 | frsion) —einsoves OW Renter | 
18 con cas Tae sane oe pe fae 
19 Bia tie Reverse Transfer ——Ee Vps =0 Has =_7V f=1MHz 


| Ves =-12 V | =-12V 


i its Tis 
21 | frsion Teron Ovey tine +4 +i is | 
1 a a a Ae mans 30 YS ght 
91 12mA —12V 800 2 

Se ete ee 

P| FT SR RE 7 OM Pee 


NCA 


a ean Vpp = 10 V, V&si(on) = 
BR 


23 td (off) Turn-OFF Delay Time 
24 tf Fall Time 


NOTE: 
1. Pulse test required, pulse width = 300 us, duty cycle < 3%. 


Siliconix 2-77 


PN4416 


n-channel JFETs Pinte 


designed for oo Performance Curves NH 


See Section 4 


@ VHF Amplifiers BENEFITS 


e @ Low Noise 
m@ Mixers NF = 3 dB Typical at 400 MHz 


@ Wide Band 
High gf./Cjs, Ratio 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Plastic 


Gate-Drain or Gate-Source Voltage TO-92 
See Section 6 
Gate Current 


Total Device Dissipation at 25°C Ambient D 
(Derate 3.27 mW/°C) 

Operating Temperature Range —55 to 135°C G 

Storage Temperature Range —55 to 150°C : 


Lead Temperature Range 
(1/16 from case for 10 seconds) 


| 
Ss 


Test Conditions 


-30 Ig =-1 uA, Vps=0V 
Vv 


Vps=15V,Ip=1nA 


Bottom View 


Characteristic 


IGss Gate Reverse Current 


BVGss Gate-Source Breakdown Voltage 


VGS(off) Gate-Source Cutoff Voltage 


Ipss Saturation Drain Current (Note 1) 5 


Common-Source Forward Transconductance 4500 7500 
umho 
50 


eres Vps=15V,VGsz0V 


Common-Source Output Conductance 


Common-Source Output Capacitance 


4 


Characteristic i Test Conditions 


Common-Source Input Conductance 


Common-Source Input Susceptance 


Common-Source Output } 100 | uumho 

Conductance Vps = 15V, Ves =0V 
Common-Source Output 

Susceptance pa ae 


Common-Source Forward 
Transconductance 


Common-Source Power Gain Vps=15V,Ip=5mA 
Noise Figure Vps = 15 V, Ip =5mA, Rg =1K 2 


NH 


1. Pulse test duration = 300 us. 


2-78 Siliconix 


n-channel JFET 


designed for... 


= Low and Medium Frequency 
Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage.............-. —25V 


Cee Oe fe a) 0) oe ae eee 10 mA 
Total Device Dissipation at 25°C Ambient 

pee rn GY). se 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16:-from.case for 10 seconds)....0.... eee vee es 300°C 


5 


Siliconix 


BENEFITS 
@ Low Cost 


TO-92 
See Section 6 


Plastic 
D 
G 
Ss 
G 
Ss G 
D D 


Bottom View 


n 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


11 | ml Ciss Common-Source Input Capacitance 
I 
12 |C|Crss 


ue} 
7 


Common-Source Reverse Transfer 
Capacitance 


13 NF Common-Source Spot Noise Figure 


Equivalent Short Circuit Input Noise 


i Voltage 


| 
Z 


S 


; Ss Ges Gate Reverse Current Eee 
T : 
3] a|BVGss Gate-Source Breakdown Voltage P26 pNP 
4 a VGS(off) Gate-Source Cutoff Voltage | -0.4| -8.0| V 
5ic|VGs Gate-Source Voltage pte ate Pra 
6 Ipss Saturation Drain Current | 1.0{ 40] ma | 
7 ds(on) Drain-Source ON Resistance Foe Ml Sr alimaraes 
Common-Source Forward 
8) | 9s Transconductance Gi ied Beta 
9 p| Yos Common-Source Output Conductance [eee aul Qaizstat umho 
Y Common-Source Forward 
[Cis __Common-Source Input Capacitance | [20 
: ie 
[20] a8 


* JEDEC registered data 


Siliconix 


Ve6s = —-15. V..Vps = 0 


Vps = 15 V, Vgg = 0 


Vps = 15 V, Ip=1mA 


Test Conditions 


Ta = 85°C 


iG =—LOnA, Vins 0 
Vps=15V,Ip=1HA 
Vps=15V,!Ip = 100 uA 
Vos #45 V; Ves =0 


Ves =O7lo.s0 


f= 1 kHz 


f = 1 MHz 


Rg = 150k 2 


RG = 150K 2] 


2-79 


E9LSNd 


SD210DE SD212DE SD214DE 


n-channel DMOS FETs 


Designed for Military and Industrial Applications . . . 


High-Speed Switching BENEFITS 

Analog Switch e Ultra low feedback capacitance 
(0.30 pF) 

Multiplexer e High switching speeds (<1ns) 


e Gate can accept +40V 


Digital Switch 

A to D Converters 
D to A Converters 
Choppers 

Sample and Hold 70-72 


See Section 6 


ABSOLUTE MAXIMUM RATINGS (°C) s 


Drain) Curren Garr ire air ye Veiete erect an lat othe aie eae 50mA eee 
Total Device Dissipation at 25°C ah 

Case Temperature... reed eo aad 1.2W r 
Storage Temperature Range............. —65° to +200°C G C 
Lead Temperature (1/16” from case for 10sec.)...... 300°C D s 
Operating Temperature Range........ —55° to+150°C 


Vps__ Drain-to-source 
VpB _ Drain-to-substrate +30 +15 20 Vde 
a vac 


VGp _ Gate-to-drain 


H+ 
E 
He] He | He 

# 

A 

i 


TEST CONDITIONS Typical Switching Waveform 


Switching 


TO SCOPE +Vpp 


VouT TO 


y SCOPE Input pulse: td, tr<1ns 
IN Pulse width = 100ns 
Rep rate = 1MHz 


SAMPLING SCOPE 


tr<360ps tins) | toFFins) | 
ss BIN FAME, Max | Typ | Max | Typ | Max | 
IN =2.0p 


1.0 9.0 
9.0 
14.0 


*tOFF is dependent on RL and CL and does not depend on the device characteristics. 


2-80 Siliconix 


DC ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified.) 


PARAMETER 


Breakdown voltage 
BVps Drain-to-source Ves =Ves=DV, Ip=10uA 
Ves =VBs=—5V, lg =10nA 


Source-to-drain VGp = Vep = -5V 
Ip=10nA 


Drain-to-substrate VGB = OV, source OPEN 
Ip=10nA 


Source-to-substrate VGBp=OV, drain OPEN 
Ig =10puA 


Leakage current 

Ips (OFF) Drain-to-source VG6s=VBs=—5V 
Vps=+10V 
Vps = +20V 


Isp (OFF) Source-to-drain 


IGBs Gate VpB = Vsp=0V 
VGBp= +40V 
: Threshold voltage Vos =VG6s=VT. Is=1HA 0. i yest Ut wh ba BAN Oc 
Vsp=0V 


tps (ON) Drain-to-source Ip =1.0mA, Vsp=0 
resistance | V6s=t5V 50 70 
VG6s=+10V 30 45 
Ves =t15V 23 
Ves =+20V 19 
Ves =+25V 17 


AC ELECTRICAL CHARACTERISTICS 
PARAMETER 


gfs Forward trans- Vps=10V, Vsp=0V 
conductance Ip =20mA, f= 1kHz 


Small Signal Capacitances Vps = 10V, f= 1MHz 
(See capacitance model) 


C(GS+GD+GB) Gate node 


Q-2rP2<o 


Siliconix 


2-81 


J0vicas saqzcizgas isdoizas 


Lil 
2in-channel DMOS FETs 

q | Designed for Military and Industrial Applications .. . 
a 

” |g High-Speed Switching ___ BENEFITS 

ra Ey Analog Switch @ Gennes feedback capacitance 
” g Multiplexer 8 High switching speeds (<1ns) 
3 me Digital Switch e Diode protected gate 

” | = Ato D Converters 

Q@ |# Dto A Converters 

— |™ Choppers 

ps = Sample and Hold see 

7] 


ABSOLUTE MAXIMUM RATINGS (°C) 


Drain Current & site) ek Be wee es a ie 5OmA A 
Total Device Dissipation at 25°C ef 
Case *terriperatireee see ai een wee ne ee ee 1.2W Go-»_l=—7-06 
Storage Temperature Range............. —65° to +200°C ‘K "4 
Lead Temperature (1/16” from case for 10sec.)...... 300°C = y 


Operating Temperature Range........ —-55° to+150°C 


10 
Vpp__ODrain-to-substrate | +30 | +15 
15 


Vsp __—sCSource-to-substrate 


—15 —15 —25 
VGs __ Gate-to-source +25 +25 30 


VGB __Gate-to-substrate 


-30 | -15 | -25 


TEST CONDITIONS Typical Switching Waveform 


Vsp __ Source-to-drain* 
+25 
+25 
+ 


Switching 


TO SCOPE +Vpp 


510 RL 
VouT TO 
Vv SCOPE Input pulse: tg, tr<1ns 
IN Pulse width = 100ns 
Rep rate = 1MHz 
51 SAMPLING SCOPE SWITCHING CHARACTERISTICS 
tr<360ps : [__ta(ON) (ns) -| tr(ns) 
= Typ 


RIN=1MQ VpbD RL Typ Max Max 
CIN = 2.0pF 5 680 | 06 1.0 0.7 1.0 
10 680 | 0.7 0.8 
15 1k 0.9 1.0 


“tOFF is dependent on RL and CL and does not depend on the device characteristics. 


2-82 Siliconix 


DC ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified.) 


$D211 $D213 $D215 
PARAMETER TEST CONDITIONS Min Typ Max|Min Typ Max |Min Typ Max 


Breakdown voltage 
BVps Drain-to-source VGs=VBs=OV, Ip = 10HA 
Ves =VBs=—5V, lg =10nA 


BVsp Source-to-drain VGp=YsBp=~—5V 
Ip=10nA 


BVpB Drain-to-substrate VGB = OV, source OPEN 
Ip=10nA 


BVsp Source-to-substrate VGB = OV, drain OPEN 
Ig =10yA 


Leakage current 
Ips (OFF) Drain-to-source 


Isp (OFF) Source-to-drain 


VpB = VsB =0V 
VG6p =+25V 
VGgp =+30V 


V7 Threshold voltage Vps=VeGs=VrT, Is=1HA O59 91,6 26220 Ot 1.0. 72.0 Oak nh One e.0 
Vsp=0V 


rps (ON) Drain-to-source Ip =1.0mA, Vsp =0 
resistance Ve6s=t5V 
Ves =+t10V 
Vgs=+15V 
Vgs =+t20V 
VG6s =+t25V 


AGSiLZqas AqGecizas jAdLizds 


AC ELECTRICAL CHARACTERISTICS 


$D211 $D213 $D215 
PARAMETER TEST CONDITIONS | 14;,, Typ Max|Min Typ Max|Min Typ Max 
gfs Forward trans- Vps = 10V, Vsp =0V 
conductance Ip =20mA, f= 1kHz 


Small Signal Capacitances Vps= 10V, f= 1MHz 
(See capacitance model) Ve6s=VBps=—15V 
C(GS+GD+GB) Gate node 2.4 3.5 


Siliconix 2-83 


U200 U201 U202 


n-channel JFETs ihe» 
designed for ee ie Performance Curves NCA 


See Section 4 


@ Analog Switches BENEFITS 


@ Low Insertion Loss 


= Commutators 'DS(on) < 50 & (U202) 


® Good Off-lsolation 
ID(off) <1nA 


= Choppers 


TO-18 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage ............... 
Gate Gurren brie atts co ainiaidhes Baha iM Ut thaealbihih mye 50 mA 
Total Device Dissipation at 25°C Case Temperature 


(Derates10 miso) coe ieee aces Sa fea kann thes 1.8 W D 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature $ ae 


(1/16"’ from case for 10 seconds).............. 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Test Conditions 


Vgs = -20 V, Vps = 0 - 
GS DS aes 


G =-1HA, Vps=90 
Vps = 20 V,Ip=10nA 


: 
[fem oecaronn PE r 


6 Ipss Saturation Drain Current (Note 1) 3 15 150 A | Vps=20V, Ves =0 

7 'ds(on) Drain-Source ON Resistance m | VGs=0, Ip =0 f=1kHz 
Yi) 
N 


D ‘ Common-Source Input 2 2 
pF f= 1 MHz 


NOTE: NCA 
1. Pulse test required, pulsewidth = 300 usec, duty cycle < 3%. 
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Common-Source Reverse Transfer 
Capacitance 


2-84 Siliconix 


monolithic dual 
n-channel JFETs 


designed for... 


= Differential Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage 
Gate Current 
Total Device Dissipation at 25°C 
(Derate 1.7 mW/°C to 200°C) 
Storage Temperature Range 
Lead Temperature 
(1/16 from case for 10 seconds) 


45 


Siliconix 


Performance Curves NQP 
See Section 4 


BENEFITS 
@ Good Matching Characteristics 


TO-71 
See Section 6 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IGss Gate Reverse Current 


S| BVcGss Gate-Source Breakdown Voltage 


A |_YGSl(off) 
T|_YoGs 


Gate-Source Cutoff Voltage 


Oy) PlwolnNMm] — 


Gate-Source Voltage 


Gate Operating Current 


Ipss Saturation Drain Current (Note 1) 


Ofs Common-Source Forward Transconductance (Note 1) 


y Ofs Common-Source Forward Transconductance (Note 1) a 


Gos Common-Source Output Conductance 


; Gos Common-Source Output Conductance oo 


Ciss Common-Source Input Capacitance 


c Crss Common-Source Reverse Transfer Capacitance a 


Equivalent Short Circuit Input Noise Voltage aes 
Aa U234 
Max 


oo a 


Pepe pepe [ef = femme 


Characteristic 


lig1-lG2! Differential Gate Current 


(Ipss1-!DSS2) Saturation Drain Current 
DSS1 Match (Note 1) 


Differential Gate-Source 
Voltage 


Gs1-VGsz2! 
AlVgs1-Vesa! Gate-Source Voltage 
AT Differential Drift (Note 2) 


Transconductance Match 


(951 -9fs2) 
(Note 1) 


9fs1 


Differential Output 


'dos1~Jos2! Conductance 


NOTES: 
1. Pulse test required, pulsewidth = 300 us, duty cycle < 3%. 
2. Measured at end points, Ta and Tg. 


Siliconix 


| Min | Max | Unit_| 
Se ee me 


1000 
Te Tae i incr 
umho 


Test Conditions 


Ig =-1HA, Vos = 0 
V Vps=20V,Ip=1nA 


VpG = 20 V, Ip = 200 uA 


125°C 


| mA | Vps= 20 V,VGs=0 

f= 1 kHz 

f = 100 MHz 
| Vg = 20 V, Ip = 200 uA | 20 V, Ip = 200 uA 
| Vps=20V,VGs=0 | | Vps=20V,VGs=0 | V,VGs =0 

| VG = 20 V, Ip = 200 LA | | VG = 20 V, Ip = 200 LA | V,|Ip = 200 uA 


f= 1 kHz 


Vps = 20 V, Ves =0 


Test Conditions 


125°C 


uVv/’°C 
VpG = 20 V, Ip = 200 vA 


Seen vetNn Cecn cecn Lecn 


U257 


matched dual BE so 8 
n-channel JFET 
designed for pe OS ce temance Curves NZF-D, NNZ 


: : : BENEFITS 
= Wideband Differential 
e High Gain through 100 MHz 


Amp lifiers 9fs = 4500 umho Minimum 
® Matching Characteristics Specified 


TO-78 
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 


Gate-Drain or Gate-Source Voltage 

Gate Current 

Device Dissipation (Each Side), Ta = 85°C 
(Derate 3.85 mW/°C) 

Total Device Dissipation, Ta = 85°C 
(Derate 7.7 mW/°C) 

Storage Temperature Range 

Lead Temperature 
(1/16” from case for 10 seconds) Bottom View 


ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


Characteristic Test Conditions 


VGs=-15 V, Vps=0 ~ 
[voss8v.ves-a [ore 


Ig =-1HA, Vps =0 
Vps = 10 V, Ip =1nA 
Vps = 10 V, V@s =0 


Vps=10V,Ip=5mA | f=1kHz 
VpG=10V,Ip=5mA | f= 100 MHz 

Emho 

Vps=10V,Ip=5mA | f=1 kHz 


f = 100 MHz 


_ 
no) 


De) 
(=) 
(=) 


Gate Reverse Current 


Gate-Source Breakdown Voltage 


Gate-Source Cutoff Voltage 


3 


Saturation Drain Current (Note 1) 
Common-Source Forward Transconductance 4500 
Common-Source Forward Transconductance 


Common-Source Output Conductance 


OO YI OE oO] &] wi] tr 


Common-Source Output Conductance 


Common-Source Input Capacitance 
VpG=10V,IpD=5mA | f=1MHz 


f = 10 kHz 


Ww 
oO 


Equivalent Short Circuit Input Noise Voltage 


= 
NO 


Vps = 10 V, Ves =0 


Saturation Drain Current Ratio (Notes 1 and 2) 


Transconductance Ratio (Note 2) VpG = 10V, Ip =5mA 


G 


1S 
3 
=e 
fe) 


I9951-Gos2! Differential Output Conductance 


NOTES: NZF-D, NNZ 


1. Pulse test required, pulse width = 300 us, duty cycle < 30%. 
2. Assumes smaller value in numerator. 


2-86 Siliconix 


n-channel JFETs cy 


Siliconix 


designed for 7. 6 Performance Curves NVA 


See Section 4 


=m Analog Switches BENEFITS 


e Ultra-Low Insertion Loss 
'DS(on) <3.00 (U290) 


& Choppers e High Off-Isolation 
ID(off) <1 nA 


= Commutators 


ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-52 

Reverse Gate-Drain or Gate-Source Voltage See Section 6 
Gate Current 
Drain Current 
Total Device Dissipation at 25°C 

Free-Air Temperature (Note 1) 
Storage Temperature Range 
Lead Temperature 

(1/16”’ from case for 10 seconds) 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


ea ae RT 
| Min | Max | Min | Max _ 
a Ss ee 


BVGss Gate-Source Breakdown Voltage SS Ig =-1 uA, Vps = 0 
eee es Ge GtortGaiten tact] tes Pat] vase wage ata 


Characteristic Test Conditions 


A A 
T | 'D(off) Drain Cutoff Current Vps =5V, VGs=-10 V 
I 


Cc VDS(on) Drain-Source ON Voltage | mv | Vos= 0,Ip=10mA 


Saturation Drain Current 
a “ates tual eee 


NPO] OA] S ot rno]— 


: Static Drain-Source ON 
DS(on) Resistance 


Tds(on) Drain-Source ON Resistance 
N CsGo Source-Gate OFF Capacitance pf Ae ae pT VsG=15V,Ip=0 
‘ CpGO Drain-Gate OFF Capacitance ie Spee lk eg VpG= 15 V, Ig =0 


: ee ee 
er eae Ce Eee gener 


NOTES: 


| a | vos= OV,Ip=10mA 


1. Derate linearly at the rate of 4.0 mW/°C. 
2. Pulse test required pulsewidth 300 us, duty cycle < 3%. 


Siliconix 2-87 


L6zN O6EN 


U304 U305 U306 


p-channel JFETs an 


designed for cee ie Performance Curves PSA 


See Section 4 


# Analog Switches BENEFITS 
® Low Insertion Loss 


@ High Off-Isolation 
m Choppers Iv(ott) < 500 pA 


ABSOLUTE MAXIMUM RATINGS (25°C) TO-18 


See Section 6 


Reverse Gate-Drain or Gate-Source Voltage (Note 1).. 30V 


Gare Curreng vin wuw saan sim es bie p eee Nin a. 5O0MA 
Total Device Dissipation, Free-Air 

(Devate 2:SimW/ Gye mee Cine ee inc. aan ed 350 mW D 
Storage Temperature Range.............. -65 to +200°C 


Lead Temperature 
(1/16” from case for 60 seconds) .........%.%. 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic a ae ae a Unit Test Conditions 


1 pA 
i Me Ba Fl ves-20V.vos=0 jvos=20V.vos-0 | CARI it 
GEC as RG Ls wae Z 

3 BVGss Gate-Source Breakdown Voltage Sartore a Ig =1yA, Vps=0 
4] Bete ae Vos=-15V, ID=-THA 

T Mask 0, Ip = -15 mA (U304), 
5, A VDS(on) Drain-Source ON Voltage -1.3 = -7 mA (U305), 

i s = -3 mA (U306) 
6| C | Ipss Saturation Drain Current (Note 2) | -30 | -90 | -15] -60 | -5 | -25 | ma | Vps = -15 V, Vgs=0 
[Yon [seo [Tso [on | Yos=-i5v, vase ru 

ID (off) Drain Cutoff Current VGs = 7 V (U305), 5 

: ee Ves = 5 V (U306) ants 
9 'DS(on) Static Drain-Source ON Resistance re PES Cre ee re V6s=0V,Ip=-1mA 


0 Ce eth 
oe —semsiornreseeies {Pet pape 


Vps=0, a = 12 V (U304) 
Common-Source Reverse Transfer VGs = 7 V (U305) 
Capacitance es ; 


Vs = 5 V (U306) 


seer imtiesies uae = 
D a a BV 
pq ET iets aL [a i008 


16 Fall Tima 25 BST Ree +2 
Toto [Sma | “THA | mA 


PSA 


f= 1 MHz 


D 
Y 
N 


NOTES: 

1. Due to symmetrical geometry these units may be operated with 
source and drain leads interchanged. 

2. Pulse test pulsewidth = 300 us, duty cycle < 3%. 


2-88 Siliconix 


n-channel JFETs s 


Siliconix 


designed for Bo bss Performance Curves NZA 


See Section 4 


= VHF Amplifiers BEN enle 
jm oe ane ® Industry Standard 
= Front End High Sensitivity © High Power Gain 
Hy 16 dB at 105 MHz, Common-Gate 

Amplifiers 11 dB at 450 MHz, Common-Gate 

@ Oscillators @ Low Noise 
: 2.7 dB Noise Figure at 450 MHz 

@ Mixers ® Wide Dynamic Range 


Greater than 100 dB 
@ 75 (2 Input Match Common Gate 


ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-52 
See Section 6 


Gate-Drain or Gate-Source Voltage ............... -25 V 
ice ala ele ec oy elatele's ae a Qh Oinls 20 mA 
Total Power Dissipation at TA = 25°C .......... 500 mw 
Powerman tO 100 Ce... eek wos We 4.0 mW/°C 


Storage Temperature Range.............. -65 to +!200°C yi 
Lead Temperature 
(1/16” from case for 10 seconds) ..........0... 300°C : 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


| Gate Reverse Current ‘ 
Gate-S Breakd 
ino = Paneeneses anton Von=0 
4 T VGSloff) Gate-Source Cutoff Voltage | Vesiott)  GateSource Cutott Voltage | 1.0) Tr ey —4.0 | 2.5 F saa eae =10V,Ip=i1nA 


[eee secre Tet el ol | | af | afm for ovver 


Gate-Source Forward 
Common-Gate Forward 
1 17. h 
u Transconductance (Note 1) cae i Eee ee 


f=1 kHz 
Common-Gate Output 
Y h 


10 COS Sa He Source Capacitance 


i et tt ae rae [comm 

f = 105 MHz 
f = 450 MHz 
f = 105 MHz 
f = 450 MHz 
f = 105 MHz 
f = 450 MHz 
f = 105 MHz 
f = 450 MHz 


12 Common- Gate Forward 


ce 
EA Oe Common-Gateourur |_| ora] | fora] | [ots] mmho 
at 9 eoreieat Se eee ae resa  Posa] | 


16] | | Common-GatePower | _14| 16| | 14{ 16| | 14] 16] 
17]&[SP2 Gain Note 2) EEE 7 a 


la li pins ee a | 


NOTES: 
1. Pulse test duration = 2 ms. 
2. Gain (Gog) measured at optimum input noise match. 


NZA 


Siliconix 2-89 


OLEN 60EN SOEN 


SaluaS SOEf LNJTIVAING SILSV 1d 


U311 


PREFERRED PART U310 


n-channel JFET 


designed for... 
= VHF Amplifiers 


= Oscillators 


= Mixers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-@rain or Gate-Source Voltage 
Gate Current 
Total Device Dissipation (Derate 1.7 mW/°C) 
Storage Temperature Range 
Lead Temperature 
(1/16” from case for 10 seconds) 


-65 to +200°C 


Ds f 


Siliconix 


Performance Curves NZA 
See Section 4 


BENEFITS 


® High Power Gain : 
16 dB Typ @ 105 MHz, Common- 
Gate 
11 dB Typ @ 450 MHz, Common- 
Gate 

@ Low Noise Figure 
1.5 dB Typ @ 105 MHz 
2.7 dB Typ @ 450 MHz 

@ Wide Dynamic Range—Greater than 

100 dB 


TO-72 
See Section 6 


300 mW 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IGss Gate Reverse Current 


Gate-Source Forward Voltage 


Common-Gate Forward Transconductance (Note 1) 


Common-Gate Output Conductance 


1. Pulse test duration = 2 ms. 


2-90 


Typ Test Conditions 


Ig =-1HA, Vps =0 


150°C 


i 
N 
($3) 


Vps=10V, Ip=1nA 


umho | Vpg=10V,Ip=10mA_ - |if=1kHz 
250 


oe VpG = 10 V, Ip = 5mA if = 1 MHz 


NZA 


20 


10,000 


' 
= 


NO 
ao 


Siliconix 


n-channel JFETs 


designed for... 


= VHF Buffer Amplifiers 
= IF Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage..............4. =25 V 
0 SS 100 mA 
Total Device Dissipation (25°C Case Temperature)...... 3 W 
Power werating (tO°150°C) . 5. gd. 535... 24 mW/°C 
Storage: Temperature Range ......0.0..... —55 to +150°C 
Operating Temperature Range............. —=55 to +150°C 
Lead Temperature 

Cite pirom- case for’ ?0seconds) ..........-.0 20. 300°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


(= 
wW 
RO 
= 


= 


Siliconix 


Performance Curves NIP 
See Section 5 


BENEFITS 
@ High Gain 
g¢5 = 120,000 umho Typical 
@ Wide Dynamic Range 
@ Low Intermodulation Distortion 


TO-39 
See Section 6 


o 


SSU9S CEVGNZG UDd Peuejeld 7CEN LcENn OcEN 


Characteristic Test Conditions 
| Min | [Min | Typ | Max Min | Typ | Max | 

a a 
3 rap af sf) | [vos=8v.ip-1ma 
a 25 Pst | [2s] || [ig=-1Ha, vg =0v 
5 Ipss Saturation Drain Current (Note 2) + BO]? i=] 250 em ]4 7008, ATTN DSL GS Ow Ca 
: Toa a Tig = tmasvos= ov 
7 Ta [J veg=0v, p= 10m 


Common-Source Forward 


Ofs Transconductance (Note 2) 


Common-Source Input 
Capacitance 


Common-Source Reverse 
Transfer Capacitance 


= 5 A 
No (=) xs 


Gate-Source Capacitance 


i?) 
[o" 


Gate-Drain Capacitance 
_ Equivalent Short Circuit 
en Input Noise Voltage 


Ofg Common Gate Forward 
Transconductance 


Commen-Gate Input 
Conductance 


Common-Gate Output 
Jog Conductance 


Power Gain (Note 3) 
Gain-Bandwidth (Note 4) 
Noise Figure (Note 3) 


No 
ww j=) 1 


_= > 

= o <e) oO 
o|o}]9 

ie es 


I aro 


~ 
oi 
= 
N 


nw 
oa NO 


NOTES: 

1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 2 ms. 

3. Noise figure (SSB) and power gain measured in circuit shown in Figure 1. 
4. Computed as gfs/Crsg. 


Siliconix 


120 | 200 130 | 200 | mmhos} Vps=15V,VGs=0V = 1kHz 


V6s=-10V, Vps=0V {f= 1 MHz 


Vgs=-10 V, Ip =0 
VGp =-10 V, Is=0 


Vos =5V,Ip=10mA 


nV 
Hz 


f= 1 kHz 


‘VpG = 20 V, Ip = 25 mA] f = 50 MHz 


H Vos = 15 V, VGs =0V 


3 
= 3 3 O1<|2] < |515 
N 3 


Ww 
(=) 


[Vg = 20, Ip = 25 mA] f = 30 MHz 
NIP 
2-97 


U404 U405 U406 


U401 U402 U403 


monolithic dual ole 
n-channel JFETs Son acon ane 


re 6 ef f BENEFITS 
esigne or © @ ®@ ® Minimum System Error and Calibra- 
. tion 
@ Low Noise FET Input 5 mV Offset Maximum (U401) 
Amplifiers 95 dB Minimum CMRR (U401-04) 


® Low Drift with Temperature 
m Low and Medium Frequency 10 uV/°C Maximum (U401, 02) 


oge @ Operates from Low Power Supply 


VGS(off) <2.5V 
m Impedance Converters © Simplifies Amplifier Design 
mH Precision Instrumentation Output Conductance < 2 umho 
@ Low Noise 


Amplifiers @, = 6 nVA/Hz at 10 Hz Typical 
# Comparators , TO 


D, Do See Section 6 > 
ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source poe sigh yi tegen SY BAN eh S2 
Forward Gate Current. . . Sila: Ue sat Cee Aa See RE AP OKETSAN 
Device Dissipation (each side) 

@Tap =85°Cderate2.6mW/°C . . . . > 300 mW 
Total Device Dissipation 

@ Ta = 85°C (derate5 mW/°C) . . . . . . 500mW 
Storage Temperature Range ..... . —65to 200°C 


$4 S2 


Characteristic Test Conditions 


Gate-Source Breakdown : n 
Gate Reverse Current 
Gate-Source Cutoff 
314] Yestott) Voltage } =| 28] <2] -28] 5] 25] +5] -25] -s|-z5] <5] 25) YDS TELE EMA 


Gate-Source 2 e 
Voltage (on) VpG = 15 V, Ip = 200 uA 


Saturation Drain Current ; 
ee et 45 Vo6= 18, 
Ig Gate Current (Note 1) 


== et pe a Ta 


Gate-Gate Breakd 
Common-Source Forward} 499 | 7000 | 2000 }7000 | 2000| 7000 | 2000 | 7000 | 2000 |7000 | 2000 | 7000 
Transconductance (Note 2) , = 
NDS eee f=1kHz 
Ves=0 | 
Common-Source Output 20 20 20 20 = 
Conductance 
imho 
Common-Source Forward 1000 2000 | 1000 | 2000 2000 2000 | 1000 | 200 | 
Transconductance 


f= 1 kHz 
Coriduclinte VpG=15V, 
Common-Source Input Dee Ae 
Capacitance 
pF f= 1 MHz 
Common-Source Reverse 3.0 3.0 3.0 
Transfer Capacitance 


Heal sce Nat 4s | Se © 
o-s>2<0 
ge |e 


$s 
nv 
Equivalent Short-Circuit 20 20 20 Vps = 15V, 
Input Noise Voltage Vaz Vgs=0 f=10Hz 
_ Common-Mode Rejection 
VpoGg=1 = 
CMRR Ratio (Note 3) DG 0 to 20 V, Ip = 200 nA 
Differential Gate-Source 
cl vast - GS2h SG tage oe Vpg = 10 V, Ip = 200 4A 


= 
~ 


- 
~ 


! 
N 
18 |g] AIVgsi-Vesal  Gate-Source Voltage Differ- uVPC Vp = 10V, Ta = 88°C, Tp = +25°C 
aT ential Drift (Note 4). Ip = 200 HA Tc = +125°C 
NOTES: 
1. Approximately doubles for every 10°C increase in Ta. 2. Pulse test duration = 300 us; duty cycle < 3%. 3. CMRR = 2010910 [awe GS1- ve al ,AVpp = 10 V. NNR 


4, Measured at end points, Ta, Tg and Tc. 


2-92 Siliconix 


monolithic dual 38 
n-channel JFETs 


designed for efoto Performance Curves NQP 


See Section 4 


@ FET Input Amplifiers BENEFITS 
@ Low Cost 
r% Low and Medium Frequency @ Minimum System Error and Calibration 
Amplifiers 10 mV Offset Maximum (U410) 
ney Impedance Converters 70 dB Minimum CMRR (U410) 
ee H ® Low Drift with Temperature 
@ Precision Instrumentation 10 uV/°C Maximum (U410) 
Amplifiers @ Simplifies Amplifier Design 
Low Output Conductance 


= Comparators 


TO-71 
See Section 6 
ABSOLUTE MAXIMUM RATINGS (25°C) ite dg 
Gates Vo-Gate' Voltage c. eickc ee eee » hee4OwV Gy G2 
Gate-Drain or Gate-Source Voltage ........... .... -40V 
RADON i i ees wiete ve g's oc cece es & eke st OTA 810 OS2 
Total Package Dissipation (25°C Free-Air) ........ 375 mW 


SN OC) Nee a 3.0 mW/°C 
Storage Temperature Range .............. —65 to +150°C 
Lead Temperature (1/16’’ from case for 10 seconds) . .300°C 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


Gate Reverse Current 
Gate-Source Cutoff 


Vps= 0, VGs = -30 V 


Vps=20V,Ip=1nA 


S 
T Gate-Source Breakdown 4 
31a |BVGss Voltage -40 Vps=0V,IG=-1uA 
T 
\ Saturation Drain Current =20V,VGs=0V 


smecrenrnon |} fam] | fam] | [a [on 
consnveevarum | of [ 20) a) ae] oa] [ae | w | 


? ee 
‘ T d 
a rmsconactanee goo] —Yiaoo] wool fr] eto [007 sang [WOG=20V. 10 = 2000 


VpG = 20 V, Ip = 200 uA 


2 Common-Source Output PU eaTeARD cia [reat een ete 120 [4 tertiaons [ety | Vos =20V,Ves=0V | Sauer ne sautli | Vos =20V,Ves=0V | ON 


0 ee Pee [Vg = 20, = 20028] 
2 ; Common-Source Input 

Common “Source Reverse 

w2|elom __Commonsours Fe Sseetas tot 
Equivalent Short-Circuit nV Vps = 20 V, Ip = 200 nA | f = 100 Hz 
Input Noise Voltage ea 

Differential Gate-Source 
| VGs1-Vesa! Voltage ie perylcern cite pa mv | VpG = 20 V, Ip = 200 nA 


c A4\Vgs1-VGs2! Gate-Source - 
~ AT Differential Drift (Note 3) 29 uv’? 
N Common- Mode Rejection 


Vos = 20 V, VGgs=0V 


VpG = 20 V, Ip = 200 uA 
Ta = 25°C to Tg = 85°C 

Vpp = 10 V to Vpp = 20 V 
Ip = 200 vA 


NOTES: NOP 
1. Approximately doubles for every 10°C increase in TA. AVpp 

2. Pulse test duration = 300 psec; duty cycle < 3%. 4. CMRR = 20log1o en ,AVpp = 10 V. 

3. Measured at end points, Ta and Tg. AlV6s1-V6sz! 


Siliconix 9-93 


ZLON LLON OLON 


U421 U422 U423 U424 U425 U426 


monolithic dual on, 
n-channel JFETs = sscscaoravs 


BENEFITS 


designed for e e@ @ @ High Input Impedance 


Ig = 0.25 pA Maximum (U421-3) 


@ Very High Input Impedance + Hoe ayes Hid Minimum @ 
e ® ege D = bh es 
Differential Amplifiers LGW Power Suppht ORORNIan 


= 2 V Maximum (U421-3) 


VGS(off 
Electrometers ° sci  rerk Error and Calibration 


10 mV Maximum Offset _ 
- Impedance Converters 90 dB Minimum CMRR (U421, U424) 


ABSOLUTE MAXIMUM RATINGS (25°C) ane 
Gate-to-GatetVoltage ......0.. 00.0. cc cutee nce 
Gate-Drain or Gate-Source Voltage 
Gate Current 
Device Dissipation (Each Side), Ta = 25°C 
(Derate 3.2 mW/°C to 150°C) 
Total Device Dissipation, Ta = 25°C 
(Derate 6.0 mW/°C to 150°C) 
Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom View 


Characteristic i Test Conditions 


BVgss Gate-Source Breakdown Voltage Ig ==1 HA, Vps=0 
BVG1G2. Gate-Gate Breakdown Voltage Ig ==1 HA, 1p. = 0, Is =0 


3.0 T=+25°C 
less Gate Reverse Current (Note 1) | 3.0) Ves = -20V, Vps.=90 
Soe seas T=#125"6 
Fi (RL EM a EE 
Gate Operating Current (Note 1) ee ia Fy as a - oe VpG = 10 V, Ip = 30 uA 


et Gate-Source Cutoff Voltage -0.4]  |-20]-04| — |-30] Vps=10V,Ip=1nA 
ics Guesowevorwe Ye] | faa] [pg tov. tp =atun 
Sa 
Common-Source Forward Transconductance }300 | |1500}300| —_fis09q 
Reta re ee | vos 109.650 
Cigg Common-Source Input Capacitance ed ede ee 
Common-Source Reverse Transfer Capacitance ie foe | tee[ tel. [tet 
Common-Source Forward Transconductance 1120] [350/120] — | 350] 
jm et eee 


Equivalent Short Circuit Input f= 10Hz 
Noise Voltage bon we f=1kHz 


Noise Figure Pia 2 f= Wenz Rg = 10M 2 


Characteristic 2 Test Conditions 


oO =>2<0 


f= 1 kHz 


Vpg = 10V, Ip = 304A 


I\Vgs1 - Vesa! Differential Gate-Source Voltage 


\Vgs1 - Vgsal Differential Gate-Source Voltage VpG = 10 V, Ip = 30uA, 
. AT Change With Temperature (Note 2) Ta = -55°C, Tg = 25°C, Tc = 125°C 


H 
18 CMRR Common Mode Rejection Ratio Ip: = 30 HA, Vpg = 10 to 20 V 
(Note 3) 


ae oC; 3. CMRR = 201 AY DD hota vinnie 10 V 
1. Approximately doubles for every 10°C increase in Ta. c 0910 , DD : NNT 


A\Vgs1—VGs2! 
2. Measured at end points Ta, Tp and Tc. Au Gaselead novconnected 


2-94 Siliconix 


monolithic dual aE a 
n-channel JFETs sme" 
designed for... salen. 


e High Input Impedance 
y Ig = 5 pA (U427) 
@ Very High Input Impedance e High Gain gfg = 120 umho Minimum @ 


Differential Amplifiers Ip = 30 uA 
e Low Power Supply Operation 
Electrometers Vas(ott) ° 2 V Maximum (U427) 
© Minimum System Error and Calibration 
# Impedance Converters 25 mV Maximum Offset 
ABSOLUTE MAXIMUM RATINGS (25°C) TO-78 
See Section 6 
Gate-to-Gate Voltage .... tee ora taR ee he iia eV, 
Gate-Drain or Gate-Source Wolraae Be eas ii ahve Beet BG pe =O i re 
Gate Current . . _ vir fe 10 mA Gy G2 
Device Dissipation (Each Side), Th 2 25°C 
(Derate 3.2 mW/°C to 150°C). . . . . . . 400 mw as 
Total Device Dissipation, Ta = 25°C 
(Derateor0mW/"C to 150°C) .)4 . . . 2% 750 mW 


Storage Temperature Range .... . . -65to+150°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 8ottom View 


Characteristic Test Conditions 


BVess Gate-Source Breakdown Voltage -40 IG SHA Vins = 0 


6 | a | T= 125% | 
ash 5. 


2 a 
a IT) ec 
; Mee baa vat mat | Troha | Te] pA | gemsaste 
t ate Operating Current (Note 1) ac ka a <n WG VpG = 10 V, Ip = 30 uA 
VGS(off) Gatelgouies Cutoff Voltage Ey ee ES Vps=10V,Ip=1nA 
[ves Gwesowcevoroe te] | pee * [vpgt0viip 20s 


5 
6 
a 
8 
9 


Common-Source Forward Transconductance /300 | | 800/300] — h500 a 
U ' ’ f = 1 kHz 
Common-Source Output Conductance ogee arcana Vps= 10 V, Ves = 0 


D 
10} y]} Cisg Common-Source Input Capacitance fp tS 
f = 1 MHz 
11 et Bs Crss Common-Source Reverse Transfer Capacitance eaten medida) end 
V2 AE Common-Source Forward Transconductance re festa a : 
= 1 kHz 
13 Cc Common-Source Output Conductance Papal Pos ly 


Vpgs 10, Ip = 30uA 


14 or Equivalent Short Circuit Input pt fest fe VAJHz f=10Hz 
en Noise Voltage Fe FC se a a f=1kHz 


Rg = 10MQ 


M ee - Vgsal_ Differential Gate- Source Voltage ee ited ok he 
7 és \¥VGs1 - Vesal Differential Gate-Source Voltage 
AT Change With Temperature (Note 2) 
18 CMRR Common Mode Rejection Ratio 
(Note 3) 


ee ee ; 3. CMRR = 20l0 | AVpp AVpp = 10 V 
1. Approximately doubles for every 10°C increase in Ty. 910 AWVe6s1—-Vcs2 DD : 
2. Measured atend points Ta, Tg andTc. 


a0 mV | Vpg=10V, Ip =30HA 


Pr VpG=10V, Ip = 30nA, 
UVI'C | Ty = -55°C, Tp = 25°C, Tc = 125°C 


NNT 


=mo 


4. Case lead not connected. 


Siliconix 2-95 


Scpn Lown 


U430 U431 


matched dual whi 
n-channel JFETs 
designed for .. . pec oe 


= Balanced Mixers BENEFITS 


@ Low Noise Figure 


@ Low IMD- 
30 dBm Intercept Point 


@ Differential Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-99/TO-78 


Gate-Drain or Gate-Source Voltage ............05. -25 V See Section 6 
Gate: Current ps8 iiitataiut ny ol heal avenge guetbepe awa oe aiens ne 10 mA 


Total Continuous Power Dissipation at my Be 
(or Below) 25°C Free Air Temperature @ ! 
DefateraimW/2Ci tol1507Cs.\. oleae... Aan Oe, 500 mW ; 

$1 S2 


Continuous Device Dissipation (Each Side) at 
(or Below) 25°C Free Air Temperature 


Derate/2AumWi/EC to" 150 Gey ee ile eae 300 mW 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature 
(1/16” from case for 10 seconds) ............. 300°C Benson View 


ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


Characteristic Test Conditions 


aie eel 
ULB Bevin hee Net Mia alah OGRA ba 9 Rd FE | ane y 
T 
3} a | BVGss Gate-Source Breakdown Voltage PEMA TEI BRE ES PRES PI RE IG=-1u4A, Vps=0V 
4 a VGS(off) Gate-Source Cutoff Voltage 10 f of. -4,0: | -2.0-40 [6.0] Vv Vps=10V,Ip=1nA 
51 c | VGS(f) Gate-Source Forward Voltage BAR ES a BN Fe Re Vps=0V,!IG=10mA 
6 Ipss Saturation Drain Current (Note 4) ee ee en ee Vps =10V,VGs=0V 
Common-Source Forward 
Vale excmereo —[Tfam fe me 
Conductance 
A 
=— a = = Zz 
10] 1 [Cys Drain Gate Capacitance BS ERD EME Tle 2 
we Equivalent Short-Circuit Input Picea Fag Fae Fe ae a nv 
11 é, 3 10 = Vps=10V,Ip =10mA f = 100 Hz 
Noise Voltage Vz DS eh 
Common-Source Forward 
12) oo renmonatane Revers Pr ea | ct ea 
13 g Common-Source Output mmho] Vps=10V,!Ip=10mA 
GE Conductance f= 100 MHz 
14 Gio Power-Match Source Admittance Ron eee eae 
15 G Conversion Gain (See Note 1) 3.0 3.0 
: : PR IC RE jo 1 BL ew20 VV eee ee 
16 IMD Intercept Point (See Notes 1 and 2) fod +30 ergata +30 | | dBm | 
IDss1 Saturation Drain Current 
v7 " Ipss2 Ratio (Note 3) Vos 0M 
A | VGS(off)1 Gate-Source Cutoff 
Me y VGS(off)2 Voltage Ratio (Note 3) VS Ce 
H | 954 Transconductance Ratio 
19 cin (Note 3) 1.0 Ip =10mA 
NOTES: NZA 


1. VHF single-balanced mixer drain load impedance 2k Q2. 
2. 2-tone 3rd-order IMD. 

3. Assumes smaller value in numerator. 

4. Pulse test pulsewidth = 300 us, duty cycle < 3%. 


2-96 Siliconix 


a 


matched dual erin oie 
n-channel JFETs 


designed for... io tiearaacoreen 
@ VHF/UHF Amplifiers BENEFITS 


® High Gain 
9f5 = 4500 umho Minimum 
® Dual Version of J300 with Matched 
Gate-to-Source Voltage 


TO-71 TO-78 
See Section 6 See Section 6 
S2 c S2 


C. 
oa 
eae 
7 
Ce 
bu 
ata 
resi 
: 
G3 
: 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-To-Gate: Voltage .. 1... ccc cece e eee +50 V 
Gate-Drain or Gate-Source Voltage 
Gate Current 
Total Package Dissipation 
(25°C Free-Air Temperature) 
Power Derating 
Storage Temperature Range 
Lead Temperature 
(1/16” from case for 10 seconds) 


Bottom View Bottom View 


S 
D4 1 


TO-71 = U440, U441 TO-78 = U443, U444 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


aracteristic ni es onaitions 

Cin | Fv | Max | win [Tye [ Mon | 
5 [igs Greene Gurentinorey | | | -s00| |_| -s00] ea | Vose0.vag=16V 
T [Vester __GaeSouree Cutt vonage | [| -6[ =| | -6] | vos=s0v,ip= 108 
ac: Sa See eee Vos 10V. Ves=0 


Gate Current fIG «Gate Current (Note 1) 1) VpG= 10 V,Ip=5mA 
Common-Source Forward 
eee osm] — pow $0 fm oan 
umho 
9 Common-Source Output 200 
ve Conductance 

Common- Source Input 
Common-Source Reverse 
Transfer Capacitance 

10 miWacedaeso Differential Gate-Source Voltage eet VpG=10V,Ip=5mA 


NZF, NNZ 
NOTES: 


1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 300 usec; duty cycle < 3%. 


VpG=10V,Ip=5mA 


Siliconix 2-97 


U1897 U1898 U1899 


n-channel JFETs 


designed for... 


# Analog Switches 
= Choppers 
= Commutators 


psf 


Siliconix 


Performance Curves NCA 
See Section 4 


BENEFITS 


@ Low Insertion Loss 
DS(on) < 30 & (U1897) 
@ No Error or Offset Voltage Generated 


by Closed Switch 
Purely Resistive 


ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-92 


Gate-Drain or Gate-Source Voltage 

Gate Current 

Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature Range 
(1/16 from case for 10 seconds) 


—55 to 135°C 
—55 to 150°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


—~4 


Characteristic 


[ioGo_Drain- Gate teskege Curent | | 200] | 200] | 200 
s [isco SeureeGere teakase Curent | | 200] | 200] | 200] ™* 


Drain Cutoff Current 


I 
c | YGS(off) Gate-Source Cutoff Voltage | -5.0| 


Saturation Drain Current 
(Note 1) 


IpDss 


V DS(on) Drain-Source ON Voltage 


Static Drain-Source ON 


DS(on) Resistance 


ene ere a ak 
CpG Drain-Gate Capacitance ET a eS PEE Ce 

[esc Soure.GatoCopactance | | 8] | 8] | 5 
Ciss 


Common-Source Input 
Capacitance 


Common-Source Reverse 
Transfer Capacitance 


Turn ON Delay Time 


Crss 


td(on) 


Y 
N 
A 
M 
I 
c [tr Rise Time 


Turn-OFF Time 


NOTE: 
1. Pulse test pulsewidth = 300 us; duty cycle < 3%. 


be Siliconix 


See Section 6 


Bottom View 
Test Conditions 


Ig =-1 vA, Vps = 0 
Ig =—1 HA, lg = 0 

Ig =—1 vA, Ip =0 
ViGS=— 20IVAv Sino 
VipG =20WVals=0 
VsG = 20-V 1p =16 


Vps = 20 V, Veg =-12 V (U1897) 
Vcs =-8 V (U1898) 
Vas =-6 V (U1899) 


Vps =20V,Ip=1nA 


Ta =85°C 


Vps = 20 V, Ves =0 
Vacs = 0, Ip = 6.6 mA (U1897) 
Ip = 4.0 mA (U1898), 
Ip = 2.5 mA (U1899) 


Ip =1mA, Ves =0 


VpG = 20 V, Is =0 
VsG- 20 V, Ip 0 


f= 1MHz 
Vps = 20 V, Veg = 0 


Switching Time Test Conditions 
U1897 U1898 
Vppb Say 3V 
VGS(on) 0 0 
VGs(off) —12V roo 
Ru 430 2 700 Q 
ID(on) 6.6 mA 4mA 


volt age-control led see 
resistor FETs 
designed for . . . ete 


# Small Signal Attenuators 

@ Filters 

= Amplifier Gain Control 

@ Oscillator Amplitude Control 


TO-18 (MODIFIED) TO-72 (MODIFIED) 
See Section 6 See Section 6 


D 
G 
Ss 


NZYUDA NYA dEYdA NZEIDA 


ABSOLUTE MAXIMUM RATING (25°C) 


Gate-Drain or Gate-Source Voltage 

Gate Current 

Total Device Dissipation at TA = 25°C 
(Derate at 2.0 mW/°C to 175°C) 

Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
N-Channel VCR FETs 


Characteristic i 2 


Ig =-1yHA, Vps=0 
7 


: ; Ves =-10 V, Ip = 0. 


iiss ge 


D 
Y: | Csgo Source-Gate Capacitance U 


IGss Gate Reverse Current 


Ss 

A BVGSS Gate-Source Breakdown Voltage ae 3 Ig=1uA, Vps=0 

if VGS(off) Gate-Source Cutoff Voltage : Ip =-1uA, Vps =-10 V 
C | rds(on) Drain-Source ON Resistance Qu | VEs = 0) |p = 0 

Cdgo Drain-Gate Capacitance 


if Csgo Source-Gate Capacitance 


Siliconix 2-99 


VCR2N VCR3P VCR4N VCR7N 


APPLICATIONS 


N-CHANNEL FET 


N-Channel JFET Output Characteristic 
Enlarged Around Vps = 0 
Figure 1 


FOUR FIXED RESISTORS } 
V-! Characteristic of Four Fixed Resistors 
Figure 2 

The VCR FET has an a-c drain-source resistance, evaluated 
around Vps = 0, that is controlled by d-c bias voltage VGs 
applied to the high-impedance gate terminal. Minimum rds 
occurs when VGs = 0 and, as VGs approaches the pinch-off 
voltage, rds rapidly increases. Comparing Fig. 1 and 2, for 
Vps < £0.1 volt and Vgs = constant, the VCR FET has a 
bilateral characteristic with no offset voltage, just like a 
fixed resistor. However, when Vps > +0.1 volts, the VCR 
FET characteristic has noticeable curvature. 


_This series of junction FETs is intended for applications 
where the drain-source voltage is a low-level a-c signal with 
no d-c component. Thus the FET operating point will 
swing symmetrically around Vpgs = O. In the first quadrant, 
signal distortion depends on what extent the FET output 
characteristic deviates from a straight line or linear relation. 
Besides the linearity problem in the third quadrant, when 
VGs is near zero and vgs > 0.5 volt rms, the gate-channel 
junction will become forward biased and cause additional 
curvature in the characteristic. Also, whenever the gate be- 
comes forward biased due to any combination of VGs and 
Vds, it ceases to be a high-impedance control terminal for 
the VCR. 


Fig. 3 presents a normalized plot of rDS versus normalized 
VGS where VGS(off) is defined as that value of VGs at 
ID/Ipss = 0.001. The dynamic range of rDS is shown as 
greater than 100:1. For best control of rps the normalized 
VGs should lie between O and 0.8 VGS(off) because as 


2-100 


L. Evans; ‘’Biasing FETs for Zero DC Drift”; Electro Technology, August 1964. 


VGSs approaches VGS(off), "DS increases very rapidly so 
that rqs control becomes very critical and unit-to-unit 
matching is almost impossible. In Fig. 4, Tds(on) (drain- 
source resistance at Vps = VGs = 0) varies as an inverse 
function of V@siorf). In Fig. 5 rgs has a typical 0.7%/°C 
temperature coefficient for P-channels which decreases as 
VGS approaches the zero t.c. point. N-channel devices 
have a typical 0.3%/°C t.c. Specific bias voltage to set 
operation at the zero t.c. point varies, as does VGS(off): 


from device to device.” 
103 


Tk Ve Se ee 
Vps < 9.1V 


'ps/"DS(on) 


pee All 


vee 
Sites oie eae 
EGG Beas os Were HD ea Hoty 
5 ee A Ts Bitton 
EEN rt 
STE Ceca 


UO) Ges SS SSS BE NG 
cae Ae ene ett a8 
iss Ra es 


VGS(off) — GATE-SOURCE CUTOFF VOLTAGE (V) 


'ds(ON) ~ DRAIN-SOURCE ON RESISTANCE (ohms) 


Fig. 4 


VGS(off) = 2.6 V 
Tds(on) AT 25°C = 500 2 


tds — DRAIN-SOURCE RESISTANCE (OHMS) 


VGs — GATE-SOURCE VOLTAGE (VOLTS) 


Fig. 5 


For further information on using FETs as voltage-variable 
resistors, consult Siliconix Application Note AN73-1. 


Siliconix 


voltage-controlled ie 
resistor FETs 
designed for... 


& Small Signal Attenuators 

m@ Filters 

= Amplifier Gain Control 

& Oscillator Amplitude Control 


TO-71 
See Section 6 
Gi ch 
S14 S2 
$2 
ps D2 
ABSOLUTE MAXIMUM RATING (25°C) “GP 
le} 
Gate-Drain or Gate-Source Voltage..............000. 25 V its, 
eG pa 10 mA Resto set 
Total Device Dissipation at TA = 25°C 
Weerateau2 OU mW/. C0175 C). oie acs eeedels 300 mW 
Storage Temperature Range .............. —§5 to+175°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


VCR11N 


Characteristic eR nie Test Conditions 
loss Gate Reverse Current SE ae =O.2 nA 


Gate-Source Cutoff Voltage 


rds(on) Drain Source ON Resistance 100 200 VGs=0,!p =0 =1kHz 
Cdgo Drain-Gate Capacitance ae Sa 


Csgo Source-Gate Capacitance 


rpsmin 
rpsmax 


Vps = 100 mv rps = 2000 


VGs1 = VGs2 rps1 = 2k 


Note 


| 1 Vgs1 + Control Voltage necessary to force rps, to 200 or 2KN. *Contact factory for geometry information. 


Siliconix 2-101 
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Tips on Selecting the Right FET 
_ for Your Application 


The “Product Specification,” a short form version of technical data, will provide you direct 
__ reference to Siliconix part numbers and a condensed version of technical specifications 


| IF YOU ARE NOT FAMILIAR WITH THE FET PARAMETERS YOU NEED: 


A. Turn to page 3-4, ‘How to Choose the Correct FET for Your Application.” Using this guide, determine the 
important FET parameters. 


. Next, turn to page 3-6, ‘“JFET Geometry Selector Guide.’’ Using this guide, choose the appropriate 
geometry. 


3 Once you have chosen a geometry, turn to ‘“Geometry Characteristics,’’ section 4 of the catalog. Here you 
make the choice of a suitable part number. 


4. Now that you have the part number, you will find complete electrical specifications of these products in the 
“Data Sheets,” section 2 of the catalog. 


IF YOU ARE FAMILIAR WITH THE PARAMETERS YOU NEED: 
1. Turn to the ‘Product Specifications,’’ pages 3-9 through 3-18 to determine the proper part number(s). 


2. Double-check your choices against the data sheets, and select the part most suited for your application. 
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FET Application Selection Preferences 


Additional Information 


POPULAR PRODUCT 
TYPES 


PROCESS DESIGNATION 


Low Current Amplifier 
Low Freq Amplifier < 100 Hz 
High Freq Amplifier > 100 MHz 
HF = 400 MHz Prime 

General Purpose Amplifier 

Low Noise Amp (10 Hz e,) 

Low Noise Amp > 50 MHz 
High Frequency Mixer 

Dual Diff Pair 


FET Application Selection References 


i 


eee Le 
Pe 
EE 


AGC Amplifier 
4 Electrometer Preamp | : 
e Microvolt Amplifier pee 
re) Low Leakage Diode S$ 
oO Low Leakage Dual Diode oe 
= | smoke Detector Input a 
a Battery Operated Amp < 1.5V a 


Diff/Single Ended Inp. Stag. 
High Slew Rate Diff Amp 
Active Filter 
Oscillator 
Voltage Controlled Resistor 
Hybrid Chips 

Analog/Digital Switch 
Multiplexing 

Choppers 

‘Reed Relay Replacement 
Sub pA Dual Diff Pair 

Sample Hold 

Buffer Interface to CMOS 
Matched Switch 

Current Limiter 

Current Source 

High Voltage Protection Diode 
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P= PRIME CHOICE 
S = SECONDARY (ALTERNATIVE) CHOICE 
LV = LIMITED VALUE 
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Small Signal FET Application/ 
Parameter importance Guide 
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Small Signal FET Application/ 
Parameter Importance Guide 


KEY PARAMETERS 


* - Important FET Parameter - Required 
? - Important for some applications 
D - Desired “nominal” limit - rarely critical 


G - Guaranteed by Cigg, Crgg, Of, and device design 
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Choppers eee 
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Buffer Interface to CMOS a ) 
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Current Source ee ei a 4 
High Voltage Protection Diode ee eee ee 3 


*/ - Indicates “Max” 
/* - Indicates “Min” 
(*) - Indicates Parameter in Parenthesis 
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Equivalent Circuit of a JFET Current Limiter Application Note: DI71-1 
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Useful JFET Parameter 
Relationships (Approximate) 


Bulk & Junction Leakage Current On Resistance Drain Current and Transconductance 
vs Ambient Temperature vs Ambient Temperature vs Ambient Temperature 
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VALUE RELATIVE TO 25°C VALUE 
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LEAKAGE CURRENT RELATIVE TO 25°C VALUE 


Typical rDS(on) 
vs Normalized Gate Source On Resistance Saturation Current 
Cutoff Voltage vs Transconductance vs Cutoff Voltage 
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ON RESISTANCE RELATIVE 
TO VALUE WHEN VGsg = OV 
APPROXIMATE 
FORWARD TRANSCONDUCTANCE 
IDSs SATURATION CURRENT 
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Vesioft) (NORMALIZED) APPROXIMATE “‘ON” RESISTANCE VGS(off) CUTOFF VOLTAGE 


Saturation Current 
vs ON Resistance 
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'DS(on) ON RESISTANCE 


*When Ip > 5 x Ip2 
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BODY IS BACKSIDE CONTACT enhancement-type $$ 
Hebb ah eli n-channel MOSFET tere eit. 
designed for... Siliconix 


Audio Amplifiers BENEFITS: 
: Analog Circuits ~e Integrated Zener Clamp Protects the 
WY; yY Z Digital Switching Circuits Gate 


Yy 4G Yy Commutating Circuits @ Normally OFF 
VA , 


TYPE PACKAGE PRINCIPAL DEVICES 
Single TO-72 M116 
Single Chip M116CHP 


ALL UIMENSIONS IN INCHES. 
(ALL DIMENSIONS IN MILLIMETERS.) 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Output Characteristics Transfer Characteristic 
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Vps — DRAIN-SOURCE VOLTAGE (VOLTS) Vos - GATE-SOURCE VOLTAGE (VOLTS) 


Low Voltage Output Forward Transconductance 
Characteristics vs Drain Current 
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Vps — DRAIN-SOURCE VOLTAGE (VOLTS) Ip — DRAIN CURRENT (mA) 


Drain-Source ON State Resistance vs Output Conductance vs 
Gate-Source Bias Drain Current 
10K 
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rDS(on) — STATIC DRAIN-SOURCE 
ON RESISTANCE (OHMS) 
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VGs — GATE-SOURCE VOLTAGE (VOLTS) 1p — DRAIN CURRENT (mA) 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 


Substrate Capacitance vs Gate Threshold Voltage vs 
Voltage Substrate Bias 
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Vesith) - GATE THRESHOLD VOLTAGE 
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VOLTAGE (VOLTS) 


Gate Capacitance vs Gate Leakage Current vs 
Voltage Gate-Source Bias 
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CUTOFF CURRENT (pA) 
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ID(oft)/Is (off) - DRAIN/SOURCE 


0 5 10 15 20 25 30 
Vps/Vsp - DRAIN/SOURCE VOLTAGE (VOLTS) 
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Naw 


enhancement-type gs 
p-channel MOSFET | 
designed for... 


® Analog and Digital Switching BENEFITS: 

= General Purpose Amplifiers e High Gate Transient Voltage Break- 

= Smoke Detectors down Eliminates Need for Gate 
Protective Diode 


Siliconix 


SSO 
¥ 


Ultra-High Input Impedance 


(0.635) 
ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


Low Leakage 
Normally OFF 


TYPE PACKAGE PRINCIPAL DEVICES 


Single TO-18 MFE823 
Single 10-72 3N163-64 
Single Chip 3N163-64CHP, MFE823CHP 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Output Characteristics Transfer Characteristic 
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ID(ON) — DRAIN ON CURRENT (mA) 
' 
ID(ON) — DRAIN ON CURRENT (mA) 


Vps — DRAIN-SOURCE VOLTAGE (VOLTS) VaGs — GATE-SOURCE VOLTAGE (VOLTS) 


Common-Source, Short-Circuit, 
Low-Level Output Forward Transadmittance vs 
Characteristics Drain Current 
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Vps — DRAIN-SOURCE VOLTAGE (VOLTS) ID(on) — DRAIN ON CURRENT (mA) 


Ip(ON) — DRAIN ON CURRENT (uA) 
Yfs - FORWARD ADMITTANCE (umhos) 


Common-Source, Short-Circuit, Common-Source, Short-Circuit, 
Output Admittance vs Output Admittance vs 
Drain Voltage Drain Current 


Yos — OUTPUT ADMITTANCE (umhos) 
Yos — OUTPUT ADMITTANCE (umhos) 


Vps — DRAIN-SOURCE VOLTAGE (VOLTS) ID (on) — DRAIN ON CURRENT (mA) 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 


Drain-Source ON Resistance vs Low-Level ON Drain-Source 
Gate-Source Voltage Voltage vs Gate-Source Voltage 
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DS(ON) — STATIC DRAIN-SOURCE 
ON RESISTANCE (OHMS) 
Vps — DRAIN-SOURCE VOLTAGE (VOLTS 
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Capacitance vs Gate-Source Drain-Source Leakage Current vs 
Voltage Temperature 
ID(off) -VGS = VBs = 0, Vps = -20 V 


- VGp = Vep = 9, Vsp = -20 Ve 
1 7 


CAPACITANCE (pF) 


CUTOFF CURRENT (nA) 


lp (oft)/!S(OF F)— DRAIN/SOURCE 
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Ves — GATE-SOURCE VOLTAGE (VOLTS) 
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! Siliconix 


NCA 


.0035 
(0.089) 


fa 


(0.102) 
ee 


0.021 


Ufa ee 
(0.533) 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


n-channel JFETs 
designed for... 


Analog Switches 
Commutators 
Choppers 

Integrator Reset Switch 


TYPE 


Single TO-18 


Single 


Dual 
Single 


Dual 


PERFORMANCE CURVES (25°C unless otherwise noted) 
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Drain Current & Transconductance 


vs Gate Source Voltage 


IDSS: VDS = 20V, VGs = OV 
9fs: Vps = 15V, Ves = OV 
VGS(off); VDS = 10V, Ip = iy 
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Common-Source Capacitances 
vs Gate-Source Voltage 
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CAPACITANCE (pF) 


VaGs — GATE-SOURCE VOLTAGE (VOLTS) 


Transfer Characteristics 
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Ip — DRAIN CURRENT (mA) 


Vgs — GATE-SOURCE VOLTAGE (VOLTS) 
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On Resistance & Output 
Conductance vs Gate- 
Source Cutoff Voltage 
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PACKAGE 
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Common-Source Output Conductance 
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Transfer Characteristics 
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Ves — GATE-SOURCE VOLTAGE (VOLTS) 


Siliconix 


— NOISE VOLTAGE (nVA/Hz) 


en 


Ip — DRAIN CURRENT (mA) 
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Siliconix 


BENEFITS: 


e No Offset or Error Voltages Generated 


by Closed Switch. Purely Resistive. 
High Isolation Resistance From 
Driver 


High Off-lsolation Ip(off) < 100 pA 
High Speed toy < 20 ns 


PRINCIPAL DEVICES 

2N3970-72, 2N4091-93, 2N4391-93 
2N4856-61, 2N4856A-61A, FN4392,93 
U200-01, VCR2N 

2N5638-40, 2N5653-54, J111-13 
PN4091,93 PN4391-93 U1897-99 
2N5564-66, DN5564-66, DNS567 
All of above single devices 

available in chip form 


2N5566 Chip Set, DN5566 Chip Set 


Gate Operating Current 
vs Drain Gate Voltage 


=e 


!G(on) @ Ip 


NT | 


| | 
ls 


NE 
) 
| 


\ 


Vpg — DRAIN GATE VOLTAGE (VOLTS) 


Equivalent Input Noise Voltage 
and Noise Current vs Frequency 
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Transfer Characteristics 
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| PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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Output Characteristic 
(VGS(off) = —1.5V) 
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Output Characteristic 
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Output Characteristic 
(VGS(off) = —8.0V) 


0.2 0.3 0.4 0.5 
Vps— Bain SOURCE VOLTAGE (VOLTS) 


ID— DRAIN CURRENT (mA) 


ID—DRAIN CURRENT (mA) 


ID— DRAIN CURRENT (mA) 


Output Characteristic 
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Vps—DRAIN SOURCE VOLTAGE (VOLTS) 


Output Characteristic 
(VGS(off) = ~9.0V) 


Vps—DRAIN-SOURCE VOLTAGE (VOLTS) 


Output Characteristic 
(VGS(off) = ~8.0V) 


VDS—DRAIN SOURCE VOLTAGE (VOLTS) 
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Transconductance Characteristics 
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Transconductance Characteristics 
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Transconductance Characteristics 
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Common-Gate Input Admittance vs 
ania 


Mics 10 V 
Ip = 10mA 


Yig — INPUT ADMITTANCE (mmhos) 
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Gate Output Admittance 


vs Frequency 


Common 


Gate Reverse Transfer 


Common 


Gate Forward 
Transadmittance vs Frequency 
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f — FREQUENCY (MHz) f — FREQUENCY (MHz) 
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SOURCE AND GATE ARE COMMON. n-channel JFET $F 
current regulator diode 
designed for... 


TON 


Siliconix 


a Current Regulation BENEFITS: 
# Current Limiting ® Simple Two Lead Current Source 


= Biasing ® Simplifies Floating Current Sources 
> No Power Supplies Required 


® Low Cost 


PACKAGE PRINCIPAL DEVICES 
TO-92 J500-505, J506-511, J553-7 
(0.635) G 
PNA 4 ee Chip J500CHP-505CHP, J506CHP-511 CHP 


(ALL DIMENSIONS IN MILLIMETERS) 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Dynamic Impedance vs 
Limiter Current Knee Impedance vs Limiter Current 
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Limiting Voltage at 0.9 Ip vs 
Limiter Current Capacitance vs Forward Voltage 
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Typical Variation of Ip with Temperature 
Steady State and Pulsed Value 


Ip (PULSED, DATA SHEET VALUE) 
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Siliconix 


GATE ALSO BACKSIDE CONTACT n-channel JFET 
designed for... 


VHF/UHF Amplifiers BENEFITS: 
Oscillators @ Low Noise 
Mixers NF = 3 dB Typical @ 400 MHz 


Low Input Capacitance High Speed e Wideband 
Switch High g¢s/Cjsg Ratio 


Siliconix 


TYPE PACKAGE PRINCIPAL DEVICES 


Single TO-72 2N3966, 2N4416-16A 2N3819 , 
Single TO-92 2N5484-6, 2N5555, 2N5668-70, MPF102, MPF108, 
0,015 MPF112, PN4416, J304-5, 


(0.381) 


ALL DIMENSIONS IN INCHES ; Single Chip All of the above devices 
(ALL DIMENSIONS IN MILLIMETERS) 


(0,076) 


PERFORMANCE CURVES (25°C unless otherwise noted) 


On Resistance & Output ' Cj 
Conductance vs Gate- Drain Current & Transconductance Common Source Reverse Feedback 
Source Cutoff Voltage vs Gate Source Cutoff Voltage Capacitance vs Gate.Source Voltage 
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Vas(off) — GATE SOURCE CUTOFF VOLTAGE (VOLTS) VGs (off)— GATE-SOURCE CUTOFF VOLTAGE (VOLTS) VGs—GATE-SOURCE VOLTAGE (VOLTS) 


Common Source Input Capacitance Common-Source Output Conductance Equivalent Input Noise Voltage 
vs Gate-Source Voltage vs Drain-Source Voltage vs Frequency 
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Common-Source Output Conductance 
vs Drain Current Transfer Characteristics Transconductance Characteristics 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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Output Characteristic Output Characteristic S Parameters S11 Common-Source 
(VGS(off) = -2V) (VGS(off) = —1.0V) vs Frequency 
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Output Characteristic Output Characteristic S Parameters S92 Common-Source 
(VGS(off) = —1-5V) (VGS(off) = —1-5V) vs Frequency 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 


Common-Source Input Admittance Common-Source Forward Common-Source Reverse 
vs Frequency Transfer Admittance vs Frequency Transfer Admittance vs Frequency 
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Common-Source Output Admittance 
vs Frequency 
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GATE ALSO BACKSIDE CONTACT 


0.030 
(0.762) 


id 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


n-channel JFET 
designed for... 
= Low ON Resistance Analog Switches BENEFITS: 


= Commutators ® 


Siliconix 


Low Insertion Loss 
Choppers ® Small Error in Measurement Systems 
VbDS(on) < 50 mV (2N5432) 
High Off-lsolation Ip (off) < 200 pA 


High Speed tg(gn) < 4 ns 


Integrator Reset Capacitors 
Low Noise Audio Amplifiers 


Low Noise Audio-Freq Amplification 
en < 2nV/\/Hz at 1 kHz 
PRINCIPAL DEVICES 


2N5432-34 
J108-10 
All of the above devices 


TYPE 
Single 
Single 
Single 


PACKAGE 
TO-52 
TO-92 
Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Drain Current & Forward 
Transconductance vs Gate Source 
Cutoff Voltage 
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9fs: Vps = 10V 
Ve6s = OV 


Ipss — SATURATION DRAIN CURRENT (mA) 
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VGS(off)— GATE-SOURCE CUTOFF VOLTAGE 
(VOLTS) 


Common Source Reverse Feedback 
Capacitance vs Gate Source Voltage 


Crs; -FEEDBACK CAPACITANCE (pF) 
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VGs —GATE-SOURCE VOLTAGE (VOLTS) 


Transfer Characteristics 


Ip — DRAIN CURRENT (mA) 
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gf; - FORWARD TRANSCONDUCTANCE (mmhos) 


On Resistance & Output 
Conductance vs Gate- 
Source Cutoff Voltage 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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CATHODE IS BACKSIDE CONTACT 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


n-channel JFET 
current regulator diode 
designed for... 


® Current Regulation 
B Current Limiting 
# Biasing 
Low Voltage References 


TYPE 
Single 


PACKAGE 
TO-18 (2-lead) 


Single Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Dynamic Impedance vs 
Regulator Current 


Zq — DYNAMIC IMPEDANCE (M&) 
= 


lp — REGULATOR CURRENT (mA) 


Temperature Coefficient 
-55°C <Tj < 25°C vs 
Regulator Current 
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6, — TEMPERATURE COEFFICIENT (%/°C) 


Ip — REGULATOR CURRENT (mA) 


Capacitance vs Forward Voltage 


6; — TEMPERATURE COEFFICIENT (%/°C) 


Knee Impedance vs 
Regulator Current 


VF=6V 


Zk — KNEE IMPEDANCE (MQ) 


1.0 
Ip — REGULATOR CURRENT (mA) 


Temperature Coefficient 
25°C < Tj) < 125°C vs 
Regulator Current 
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Ip — REGULATOR CURRENT (mA) 


NOTE: 


VL — LIMITING VOLTAGE (VOLTS) 


6} -x — THERMAL RESISTANCE (°C/W) 
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Siliconix 


BENEFITS: 

® Simple Two Lead Current Source 

e Current Insensitive to Temperature 
Changes. Temperature Coefficient 
Better Than 0.15%/°C On All Devices 
TO-18 Package for Improved Current 
Control 
Simplifies Floating Current Sources 

No Power Supplies Required 


PRINCIPAL DEVICES 
CRO22 Thru CRO62 
CRRO240 Thru CRRO560 
All of above 


Limiting Voltage @ 0.8 IF vs 
Regulator Current 


Ip — REGULATOR CURRENT (mA) 


Thermal Resistance vs 
Power Dissipation 


+ RANGE 
Ta = 25°C STILL AIR, CURRENT 3 
| REGULATOR .251N.ABOVE npg 
CIRCUIT BOARD 
Tc — 25°C INFINITE HEAT SINK 


200 300 400 500 


Pp — POWER DISSIPATION (mW) 


If, Regulator Current is specified under pulse conditions. 


DIN 


In operation, final current will be a function of junction tempera- 
ture. IF (steady state) = IF x [1 + 6) (Tj — 25°C)] where 0 is the 
temperature coefficient of IF and Tj is the junction temperature. 


Tj may be found by Tj = Tamb + &j-aPD = Tease + 6j-cPD. Tj must 


not exceed 150°C. mals or i is the derating factor for all devices. 
jJ-c J-a 


CT — CAPACITANCE (pF) 


VF — FORWARD VOLTAGE (VOLTS) 


Siliconix fai? 


CATHODE IS BACKSIDE CONTACT n-channel JFET 
; ; ye current regulator diode ice , 
(0.0890) H Mconix 
designed for... ee 
ea = Current Regulation BENEFITS: 
# Current Limiting e Simple Two Lead Current Source 


= Biasing e Current Insensitive to Temperature 
Low Voltage References Changes. Temperature Coefficient 
Better Than 0.15%/°C On All Devices 


TO-18 Package for Improved Current 


ALL DIMENSIONS IN INCHES Control 
(ALL DIMENSIONS IN MILLIMETERS) 


Simplifies Floating Current Sources 
No Power Supplies Required 


TYPE PACKAGE PRINCIPAL DEVICES 
Single TO-18 (2-lead) CRO68 Thru CR150 

CRRO8OO Thru CRR1250 
Single Chip All of above 


PERFORMANCE CURVES (25°C unless otherwise noted) 
Dynamic Impedance vs Knee Impedance vs Limiting Voltage @ 0.8 IF vs 
Regulator Current Regulator Current Regulator Current 
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Zg — DYNAMIC IMPEDANCE (MQ) 
VL — LIMITING VOLTAGE (VOLTS) 


Ip — REGULATOR CURRENT (mA) Ip — REGULATOR CURRENT (mA) Ip — REGULATOR CURRENT (mA) 
Temperature Coefficient Temperature Coefficient 
-5B°C <Tj < 25°C vs 25°C <T} < 125°C vs Thermal Resistance vs 
Regulator Current Regulator Current Power Dissipation 
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Ta = 25°C STILL AIR, CURRENT 
REGULATOR .251N. ABOVE 
CIRCUIT BOARD 

Tc — 25°C INFINITE HEAT SINK 


0) -x — THERMAL RESISTANCE (°C/W) 


6) — TEMPERATURE COEFFICIENT (%/°C) 


6; — TEMPERATURE COEFFICIENT (%/°C) 


|p — REGULATOR CURRENT (mA) I— — REGULATOR CURRENT (mA) Pp — POWER DISSIPATION (mW) 


Capacitance vs Forward Voltage 


NOTE: If, Regulator Current is specified under pulse conditions. 
In operation, final current will be a function of junction tempera- 
ture. IF (steady state) = IF x [1 + 0} (Tj — 25°C)] where 6} is the 
temperature coefficient of IF and Tj is the junction temperature. 


Tj may be found by Tj = Tamb + 9j-aPD = Tcase + 9j-cPD. Tj must 


not exceed 150°C. eal or gts is the derating factor for all devices. 
j-c J-a 


CT — CAPACITANCE (pF) 


Ve — FORWARD VOLTAGE (VOLTS) 
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CATHODE IS BACKSIDE CONTACT n-channel JFET Bcf 
noose current regulator diode 


pase ° Siliconix 
Le designed for... 
y (0.762) = Current Regulation BENEFITS: 

| Sl 8 Current Limiting @ Simple Two Lead Current Source 

| he # Biasing @ Current Insensitive to Temperature 


Changes. Temperature Coefficient 


en = Low Voltage References 
ae Better Than 0.15%/°C On All Devices 
0.045 
@ TO-18 Package for Improved Current 
Ge teneonstel uit ire TERS) Control 


@ Simplifies Floating Current Sources 
No Power Supplies Required 


| TYPE PACKAGE PRINCIPAL DEVICES 
Single TO-18 (2-lead) CR160 Thru CR470 
| CRR1950 Thru CRR4300 


Single Chip All of above 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Dynamic Impedance vs Knee Impedance vs Limiting Voltage @ 0.8 IF vs 
Regulator Current Regulator Current Regulator Current 


100 
e298 
aera arise 


Zk — KNEE IMPEDANCE (Mo) 


Za — DYNAMIC IMPEDANCE (MQ) 
V_ — LIMITING VOLTAGE (VOLTS) 


Ip — REGULATOR CURRENT (mA) Ip — REGULATOR CURRENT (mA) Ip — REGULATOR CURRENT (mA) 


Temperature Coefficient Temperature Coefficient 
-65 C<Tj< 25°C vs 25°C < Tj < 125°C vs Thermal Resistance vs 
Regulator Current Regulator Current Power Dissipation 


petty RANGE 
Ta = 25°C STILL AIR, CURRENT 
REGULATOR .251N. ABOVE 
CIRCUIT BOARD 

Tc — 25°C INFINITE HEAT SINK 


6j -x — THERMAL RESISTANCE (°C/W) 


6, — TEMPERATURE COEFFICIENT (%/°C) 


6, — TEMPERATURE COEFFICIENT (%/°C) 


1.0 


Ip — REGULATOR CURRENT (mA) Ip — REGULATOR CURRENT (mA) Pp — POWER DISSIPATION (mW) 


Capacitance vs Forward Voltage 


NOTE: If, Regulator Current is specified under pulse conditions. 
In operation, final current will be a function of junction tempera- 
ture. IF (steady state) = IF x [1 + 04 (Tj — 25°C)] where 6} is the 
temperature coefficient of IF and Tj is the junction temperature. 


CT — CAPACITANCE (pF) 


Tj may be found by Tj = Tamb + 9j-aPD = Tcase + 0j-cPD. Tj must 
not exceed 150°C. pale or —_ is the derating factor for all devices. 
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VF — FORWARD VOLTAGE (VOLTS) 
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monolithic gS 
dual n-channel JFET _ se 
designed for... Siliconix 


FET Input Amplifiers BENEFITS 
Low and Medium Frequency Amplifiers Minimum System Error and Cali- 
Impedance Converters bration . 
Precision Instrumentation Amplifiers 5 mV Offset Maximum (J401) 
Compartors 95 dB Minimum CMRR 
e Low Drift With Temperature 
10 »pV/°C (J401) 
e Simplifies Amplifier Design 
Output Conductance < 2 umho 
ALL DIMENSIONS IN INCHES e Low Noise 
He RoR @n = 6 NV/\/Hz at 10 Hz Typical 


+. ee eee ee ee 


TYPE PACKAGE PRINCIPAL DEVICES 


Dual TO-71 2N3921-2, 2N4084-5, 2N5045-7, U401-6, 
Dual Chip 2NS046CHP-47CHP, U403CHP-O6CHP, 


: 2N4085CHP 
On Resistance & Output 


Drain Current & Transconductance Conductance vs Gate- Gate Operating Current 
vs Gate Source Voltage Source Cutoff Voltage vs Drain Gate Voltage 
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Gos: Vps = 15V 


iil 


RT 


UHH 
Ni 
Ny 

iy 


A) 
Sy 
hh 


ah, 
ii WY 
i 


'G(on)/IGss — GATE LEAKAGE (pA) 


ING 


ee a 


(soywr!) JONVLONGNOD LNdino — $°6 


= 
E 
= 
2 
Ww 
cc 
c 
= 
12) 
ms 
<{ 
c 
a 
2 
° 
= 
<x 
x 
p= 
- 
<q 
” 
| 
2) 
2) 
A2) 


(soywr!) JONVLONGNODSNVYL GYVMHOS — S46 
'DS(on) — DRAIN-SOURCE “ON” RESISTANCE 


2 ne ae 


(0) -0.5 -1.0 =17.5 -2.0 -2.5 i 10 20 30 40 50 60 
VGS—GATE-SOURCE CUTOFF VOLTAGE (VOLTS) VGsS—GATE-SOURCE VOLTAGE (VOLTS) Vpg — DRAIN-GATE VOLTAGE (VOLTS) 
Common Source Reverse Feedback Common-Source Input Capacitance 
Capacitance vs Gate Source Voltage vs Gate-Source Voltage Noise Voltage vs Frequency 
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Transfer Characteristics Transfer Characteristics Forward Transconductance 
Medium VGS(off) Unit (-—2.2 V) vs Drain Current 
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Output Characteristic 


(VGS(off) = —0.6V) 
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VpDS—DRAIN-SOURCE VOLTAGE (VOLTS) 


| Transconductance vs Gate Source Voltage 
| Medium VGS(off) Unit (-2.0V) 


Ves — GATE SOURCE VOLTAGE (VOLTS) 


Ip — DRAIN (CURRENT (mA) 1p = DRAIN CURRENT fia) 
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| / PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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Output Conductance 
vs Drain Gate Voltage 
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ID—DRAIN CURRENT (mA) 


Ip—DRAIN CURRENT (mA) 


Output Characteristic 
(VGS(off) = -1.7V) 
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Siliconix 


= Low Leakage FET Input Op Amps BENEFITS: 
s pH Meters e Ultra-High Input Impedance 
a Electrometers e@ Good Voltage Gain 

e Low Noise 


PACKAGE PRINCIPAL DEVICES 
{AL OIMENSIONS IN MILLIMATERS TO-78 U421-28 
Chip U423CHP-428CHP 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Output Characteristic Output Characteristic Output Characteristic 
(VGS(off) = -0.5V) (VGS(off) = -1.5V) (VGSioff) = -2-0V) 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 


sean 
Transconductance vs Gate Source Voltage Common-Source Output Conductance 
High VGS(off) Unit (2.5 V) __ vs Drain Current 


Capacitance vs Drain Gate Voltage 
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n-channel JFET gs 
designed for... pty: ; 

g Siliconix 
® High Frequency: Amplifiers BENEFITS: 


ae a Mixers e@ High Power Gain 


(0.584) a 


Oscillators e Low Input Capacitance 


PACKAGE PRINCIPAL DEVICES 


TO-78 2N5911-12, U257 U443-U444 
TO-7H U440-41 


Chip M5911CHP, M5912CHP, 
M440CHP, M441CHP 


(0.584) 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


PERFORMANCE CURVES (25°C. unless otherwise noted) 


On Resistance & Output 
Conductance vs Gate- Gate Operating Current 
Gate-Source Cutoff Voltage Source Cutoff Voltage vs Drain-Gate Voltage 


Drain Current and Transconductance vs 


gfs & Ips: Vpg = 10V 'DS(on) @ !p = 1MA Vps = OV 
Ves = OV Jos @ Vos = 10V, Ves = OV 
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Common Source Feedback Capacitance Common Source Input Capacitance Equivalent Input Noise Voltage 


vs Gate-Source Voltage vs Gate-Source Voltage vs Frequency 
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en — NOISE VOLTAGE (nV/\/Hz) 
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Output Characteristic 18 
e Forward Transconductance vs - 


Transfer Characteristics (VGS(off) = —2.8V) Drain Current 


Vps = 15 V 
Ofs @f = 1 kHz 


Ip — DRAIN CURRENT (mA) 
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n-channel JFET Ss 
designed for... Silj : 
Siliconix 


® Small Signal Amplifiers BENEFITS: 
® Choppers @® Low Noise NF < 1 dB at 1 kHz 


ree ® Voltage-Controlled Resistors _ @ Operation From Low Power Supply 
Voltages, VGs(off) < 1 V (2N4338) 
ae j © High Off-Isolation As a Switch 
. IDioff) < 50 pA 
aoa ik @ High Input Impedance 
TYPE PACKAGE PRINCIPAL DEVICES 
0702) Single TO-18 2N4338-41, VCR4N 
i Single TO-72 2N4867-9, 2N4869A-9A 
(0432) Single TO-92 J201-204, PN4302-04, J230-2 
ALL DIMENSIONS IN INCHES - 
(ALL DIMENSIONS IN MILLIMETERS) Dual Chip 
; Single Chip All single Part No’s above 


_ PERFORMANCE CURVES (25°C unless otherwise noted) 


Drain Current & Transconductance ON Resistance vs Gate Operating Current 
vs Gate-Source Cutoff Voltage Gate-Source Cutoff Voltage vs Drain-Gate Voltage 
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BACKSIDE JUNCTION ISOLATED 


FROM ACTIVE CONTACTS monolithic t fa 15 gs 
dual n-channel JFET Sil : 
designed for... | gee ees 


= General Purpose Differential Amplifiers BENEFITS: 
® Low Cost 
e High Input Impedance 
PACKAGE. PRINCIPAL DEVICES 
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Caasiala hha GWONET ICAL 4 n-channel JFET eg 
designed for... ie : 
Siliconix 
= Small Signal Amplifiers BENEFITS: ' 
a VHF Amplifiers = Wide Input Dynamic Range 
® Oscillators High Ig a ig» Voltage 
= Mixers = High Gain 
= Switches | = Low Insertion Loss Switches 
TYPE PACKAGE PRINCIPAL DEVICES 
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TYPE PACKAGE PRINCIPAL DEVICES 
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n-channel JFET 
designed for... 


# Analog Switches 


= Commutators 


= Choppers 

TYPE PACKAGE 
Single TO-52 
Single TO-92 
Single Chip 
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APPLICATION NOTE 


An Introduction to FETs 


INTRODUCTION 


The basic principle of the field-effect transistor (FET) has 
been known since J.E. Lilenfeld’s patent of 1925. The theo- 
retical description of a FET made by Schockley in 1952 
paved the way for development of a classic electronic device 
which provides the designer with the means by which he can 
accomplish nearly every circuit function. The field-effect 
transistor earlier was known as a “unipolar” transistor, and 
| the term refers to the fact that current is transported by 
carriers of one polarity (majority), whereas in the conven- 
tional bipolar transistor carriers of both polarities (majority 
and minority) are involved. 


This Application Note provides an insight into the nature of 
the FET, and touches briefly on its basic characteristics, 
terminology and parameters, and typical applications. 


The following list of FET applications indicates the versa- 
tility of the FET family: 


Amplifiers Switches Current Limiters 
Small Signal Chopper-type Voltage-Controlled 
Low Distortion Analog Gate Resistors 

High Gain Commutator Mixers 

Low Noise Oscillators 
Selective 

D.C. 

High-Frequency 


This very wide range of FET applications by no means implies 
that the device will replace the more widely-known bipolar 
transistor in every case. The simple fact is that FET charac- 
teristics — which are very different from those of bipolar 
devices — can often make possible the design of technically 
superior (and sometimes cheaper) circuits. This comment 
applies not only to networks employing discrete devices and 
conventional components such as resistors and capacitors, 
but also extends to both linear and digital integrated circuits. 


Siliconix 


In fact, FET technology today allows a greater packaging 
density in large-scale integrated circuits (LSI) than would 
ever be possible with bipolar devices. 


(Although there is no industry-accepted definition of LSI, 
apparently when the equivalent circuit of an IC contains 
more than 1,000 active elements (500 gates) or is “very com- 
plex’, the end product may be called LSI. With a typical 
LSI chip measuring less than 200 x 200 mils; this is high- 
density packaging indeed.) 


The family tree of FET devices (Figure 1) may be divided 
into two main branches, junction FETs (JFETs) and Insula- 
ted Gate FETs (or MOSFETs, metal-oxide-silicon field-effect 
transistors). Junction FETs are inherently depletion-mode 
devices, and are available in both P- and N-Channel con- 
figurations. MOSFETs are available in both enhancement or 
depletion modes, and exist as both N- and P-Channel devices. 
The two main FET groups depend on different phenomena 
for their operation, and will be discussed separately. 


FIELD EFFECT 

TRANSISTORS 
INSULATED 

JUNCTION GATE 
ENHANCE- 

DEPLETION MENT 

P-CHANNEL N-CHANNEL P-CHANNEL 
1 2 5 


FET Family Tree 
Figure 1 
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Junction FETs 


In its most elementary version, this transistor consists of a 
piece of high-resistivity semiconductor material (usually sili- 
con) which constitutes a channel for the majority carrier 
flow. The magnitude of this current is controlled by a volt- 
age applied to a gate, which is a reverse-biased PN junction 
formed along the channel. Implicit in this description is the 
fundamental difference between FET and bipolar devices: 
when the FET junction is reverse-biased the gate current is 
practically zero, whereas the base current of the bipolar tran- 
sistor is always some value greater than zero. The FET isa 
high input resistance device, while the input resistance of the 
bipolar transistor is comparatively low. If the channel is 
doped with a donor impurity, N-type material is formed and 
the channel current will consist of electrons. If the channel 
is doped with an acceptor impurity, P-type material will be 
formed and the channel current will consist of holes. N-Chan- 
nel devices have greater conductivity than P-Channel types, 
since electrons have higher mobility than do holes; thus N- 
Channel FETs tend to be more efficient conductors than 
their P-Channel counterparts. 


Junction FETs are particularly suited to manufacture by 
modern planar epitaxial processes. Figure 2 shows this pro- 
cess in an idealized manner. First, N-type silicon is deposited 


(A) P-type silicon substrate 


eS (B) N-type silicon layer de- 
Rr asset posited epitaxially 


(C) Impurity diffused in to 
start isolation region 


(D) More impurity diffused 
in to complete isolation 
and form N-type channel 


SOURCE 


Final form taken by FET: 
with N-type channel em- 
bedded in P-type sub- 
strate 


idealized Manufacture of an N-Channel Junction FET 
Figure 2 
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epitaxially (single-crystal condensation surface) onto mono- 
crystalline P-type silicon, so that crystal integrity is main- 
tained. Then a layer of silicon dioxide is grown on the sur- 
face of the N-type layer, and the surface is etched so that an 
acceptor-type impurity can be diffused through into the 
silicon. The resulting cross-section is shown in Figure 2C, and 
demonstrates how a P-type annulus has been formed in the 
layer on N-type silicon. Figure 2D shows how a further 
sequence of oxide growth, etching, and diffusion can produce 
a channel of N-type material within the substrate. ~ 


In addition to the channel material, a FET contains two 
ohmic (non-rectifying) contacts, the source and the drain. 
These are shown in Figure 2E. Since a symmetrical geom- 
etry is shown in the idealized FET chip, it is immaterial 
which contact is called the source and which is called the 
drain; the FET will conduct current equally well in either 
direction and the source and drain leads are usually inter- 
changeable. 


(For certain FET applications, such as amplifiers, an asym- 
metrical geometry is preferred for lower capacitance and 
improved frequency response. In these cases, the source and 
drain leads should not be interchanged.) 


Figure 2E also shows how the N-Channel is embedded in the 
P-type silicon substrate, so that the gate above the channel 
becomes part of this substrate. Figure 3 shows how the FET 
functions. If the gate is connected to the source, then the 
applied voltage (Vpg) will appear between the gate and the 
drain. Since the PN junction is reverse-biased, little current 
will flow in the gate connection. The potential gradient. 
established will form a depletion layer, where almost all the 
electrons present in the N-type channel will be swept away. 
The most depleted portion is in the high field between the 
gate and the drain, and the least-depleted area is between 
the gate and the source. Because the flow of current along 
the channel from the (positive) drain to the (negative) source 
is really a flow of free electrons from source to drain in the 
N-type silicon, the magnitude of this current will fall as more 
silicon becomes depleted of free electrons. There is a limit 
to the drain current (Ip) which increased Vpg can drive 
through the channel. This limiting current is known as Ipss 
(Drain-to-Source current with the gate Shorted to the 
source). Figure 3B shows the almost complete depletion of : 
the channel under these conditions. 


Figure 3C shows the output characteristics of an N -Channel 
JFET with the gate short-circuited to the source. The initial 
rise in Ip is related to the buildup of the depletion layer as 
Vps increases. The curve approaches the level of the limiting 
current Ipngg when Ip begins to be pinched off. The physical 
meaning of this term leads to one definition of pinch-off 
voltage, Vp, which is the value of Vps at which the maxi- 
mum Ipgg flows. 
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The mechanisms of Figure 3 and 4 react together to provide 
| a family of output characteristics as shown in Figure 5A. 
| The area below the pinchoff voltage locus is known as the 
| triode or “‘below pinchoff” region; the area above pinchoff 
| : cx meagecnged | is often referred to as the pentode or saturation region. FET 
| : —<—=—=rw a rs aha behavior in these regions is comparable to that of a power 
j grid vacuum tube, and for this reason FETs operating in the 

saturation region may be used as excellent amplifiers. Note 

that in the “below pinchoff’ region both Vgg and Vpg 
(A) N-channel FET working below saturation (Vg = 0). control the channel current, while in the saturation region 

(Depletion shown only in channel region). Vps has little effect and Vgg essentially controls Ip. 
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| , Figure 5B relates the curves of Figure 5A to the actual cir- 
cuit arrangement, and shows the number of meters which 
may be connected to display the conditions relevant to any 
combination of Vpg and Vcg. Note that the direction of 
the arrow at the gate gives the direction of current flow for 

DEPLETION / pie : b . 

LAYER the forward-bias condition of the junction. In practice, how- 
ever, it is always reverse-biased. 


(B) N-channel FET working in saturation region (VGs = 0) 


[——Wos! = \vel - WVes! 


A BELOW PINCH-OFF Q py ABOVE PINCH-OFF 


| SATURATION REGION 
IDS$ | = Ves = 0 


BELOW 
PINCH-OFF 
REGION 


VP Vos 


(C) Idealized output characteristic for VGs = 0. 


VGs—™ VGSloff) 
Figure 3 


In Figure 4, consider the case where Vpg = 0, and where a 
negative voltage Vcq is applied to the gate. Again, a deple- 
tion layer has built up. If a small value of Vpg were now 
applied, this depletion layer would limit the resultant chan- 
nel current to a value lower than would be the case for 
Vos = 0. In fact, at a value of |VcGg| 2 |Vp| the channel 
current would be almost entirely cut off. This cutoff voltage 
is referred to as the gate cutoff voltage, and may be expressed 
by the symbol Vp or by Vos(off): Vp has been widely used 
in the past, but VGS(off) is now more commonly accepted 
since it eliminates the ambiguity between gate cut-off and 
drain pinch-off. VoGs(off) and Vp, strictly speaking, are 
equal in magnitude but opposite in polarity. 


(A) Family of output characteristics for N-channel FET 


ID 


(B) Circuit arrangement for N-channel FET 


Figure 5 
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The P-Channel FET works in precisely the same way as does 

the N-Channel FET. In manufacture, the planar process is 

: essentially reversed, with the acceptor impurity diffused 

He WUte Source Vie cee To first onto N-type silicon, and the donor impurity diffused 
Figure 4 later to form a second N-type region and leave a P-type chan- 
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nel. In the P-Channel FET, the channel current is due to hole 
movement, rather than to electron mobility. Consequently, 
all the applied polarities are reversed, along with their direc- 
tions and the direction of current flow. Figure 6A shows the 
circuit arrangement for a P-Channel FET, and Figure 6B 
shows the output characteristics of the device. Note that the 
curves are shown in another quadrant than those of the N- 
Channel FET, in order to stress the current directions and 
polarities involved. 


ie) 


INSULATING 
LAYER 


SUBSTRATE 


(A) Idealized cross-section through an N-channel depletion- 
type MOSFET 


In summary, a junction FET consists essentially of a chan- 
nel of semiconductor material along which a current may 
flow whose magnitude is a function of two voltages, Vos 
and Vgg. When Vpg is greater than Vp, the channel current 
is controlled largely by Vg alone, because Vos is applied 
to a reverse-biased junction. The resulting gate current is 
extremely small. 


(B) Circuit arrangement for N-channel depletion MOSFET 


+4V 


(A) Circuit arrangement for P-channel FET 


8 12 16 VOLTS 


VDs 
Vps ——= 


(C) Family of output characteristics for the 
2N3631 N-channel depletion MOSFET 


VGs— VGs(oft) 


Figure 7 


in a manner similar to the N-Channel junction FET whena 
voltage of the correct polarity is applied to the channel, as 
in Figure 7B. 


VGes=0 


ABOVE PINCH-OFF 4) | > BELOW PINCH-OFF 
I=—lpsl = Ivel - |Ves| 


Output characteristics of an N-Channel MOSFET are shown 
in Figure 7C. Because there is no junction involved, Vos 
(B) Family of output characteristics for P-channel FET can be reversed without engendering a gate current; the gate 
may be made either positive or negative with respect to the 
source. Under these circumstances, still more free electrons 
will be attracted to the channel region, and Ip will become 
MOSFETs greater than Ingg. This mode of operation is represented by 
the higher members of the family of ourput characteristics, 
The metal-oxide-silicon FET (MOSFET) depends for its Because the application of a negative gate voltage causes the 
Operation on the fact that it is not actually necessary to form channel to be depleted of free electrons — thus reducing Ip - 
a semiconductor junction on the channel of a FET in order the device just described is called adepletion-mode MOSFET. 
to achieve gate control of the channel current. Instead, a 
metallic gate may be simply isolated from the channel by a The foregoing has established that the depletion-mode 
thin layer of silicon dioxide, as shown in Figure 7A. Although MOSFET is a “normally-ON” device: when Vgs = 0, a con- 
the bottom of the insulating layer is in contact with the P- ducting path exists between source and drain. In many cir- 
type silicon substrate, the physical processes which occur at cuits a “normally-OFF” device would be useful, a condition 
this interface dictate that free electrons will accumulate at which leads to the concept of an enhancement-mode MOS- 
the interface, spontaneously forming an N-type channel. FET. In the latter device, an increasing voltage applied to the 
Thus a conducting path exists between the diffused N-type gate will enhance channel conduction, and depletion will 
source and drain regions. Further, the MOSFET will behave never occur, Ip being zero when Vqg = 0. 


Figure 6 
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A P-Channel enhancement-mode MOSFET is shown in Fig- 
ure 8. Here, an acceptor impurity has been diffused into an 
N-type substrate to form P-type source and drain regions. 
No conducting channel exists between the source and the 
drain, because no matter how the drain-source voltage is 
applied one of the PN junctions will always be reverse-biased. 
On the other hand, if a negative voltage is applied to the 
gate, a field will be set up in such a direction as to attract 
holes into the upper layer of the substrate and produce a 
P-type channel. A family of output characteristics for a 
typical MOSFET is shown in Figure 8C. The idealized 
cross-section illustrated in Figure 8A may be used to show 
how the characteristics of Figure 8C come about. Refer 
to Figure 9 for an extension of this phenomenon. 


If a constant (negative) gate voltage, (Vos(K)) is applied, 
then an essentially-uniform P-Channel depletion layer will 
be induced, as in Figure 9A. If a negative drain voltage is 


SUBSTRATE (OR BODY) 
B 


(A) Idealized cross-section through a P-channel enhancement 
MOSFET 


Ip 


(B) Circuit arrangement for P-channel enhancement MOSFET 


Vps——— 


(C) Family of output characteristics for a P-channel enhance- 
ment MOSFET 


Figure 8 
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applied, then current, Ip, will flow through the drain. As 
IVps| increases, Ip also increases. However, the voltage 
between the drain and the gate decreases, so that the thick- 
ness of the channel at the drain end is reduced as in Figure 
9B. Therefore, the relationship of Ip versus Vpg will even- 
tually reach a limiting value when Vpg = Vag, and the 
channel becomes pinched off. This condition is shown in 
Figure 9C, 


Different values.of Vgg give rise to limiting values of Ip; so 
that the characteristic family of output curves which was 
shown in Figure 8 is realized. Characteristics of depletion- 
mode MOSFETs also come about for the same reason, 
except that members of the output characteristics family 
also exist for VGg values of zero or reversed polarity. The 
P-Channel enhancement-mode MOSFET is currently the 
most popular member of the FET family in current use, and 
is in fact the basic element in many LSI integrated circuits. 


INDUCED 
P-CHANNEL 


DEPLETION 
LAYER 


SUBSTRATE 
(OR BODY) 


IVpsi ~ IVGs! 


B 
\Vps! > IVGsI 


Idealized approach of pinch-off, 
(A) Vps = 0, (B) Vps!< Mes), (C) Vps!> Mes! 


Figure 9 
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FET Characteristics 


The FET enjoys certain inherent advantages over bipolar 
transistors because of the unique construction and method 
of operation of the field-effect device. These characteristics 
include: 


@ Low noise 
@ No thermal runaway 


® Low distortion and negligible intermodulation 


products 
@ High input impedance at low frequencies 
@ Very high dynamic range (> 100 dB) 
e@ Zero temperature coefficient Q point 


@ Junction capacitance independent of device current 


The transfer function of a FET approximates to a square- 
law response, and the second and higher-order derivatives of 
Zm are near zero; thus strong second and negligible higher- 
order harmonics are produced. Intermodulation products 
are extremely low. 


The input impedance of a FET is simply the impedance of a 
reverse-biased PN junction, which is on the order of 10/9 to 
1012 Q. In practice, the input impedance is limited by the 
value of the shunt gate resistor used in a self-bias common- 
source circuit configuration. At RF frequencies, the input 
impedance drop is proportional to the square of the fre- 
quency; for example, in a2N4416 FET, the input impedance 
would be 22K Q at 100 MHz. Also, the input susceptance 
increases linearly with frequency, since it is a simple para- 
sitic capacitance. 


The FET has very high dynamic range, in excess of 100 dB. 
Thus it can amplify very small signals because it produces 
_very little noise, or it can amplify very large signals because 
it has negligible intermodulation distortion products. It also 
has a zero temperature coefficient bias point (zero TC point) 
at which changes in temperature do not change the quiescent 
operating point. 


Junction FET capacitances are more constant over wide cur- 
rent variation than are the same parameters in a bipolar 
device. This inherent stability allows high-frequency (VHF 
through L-band) oscillators to be built which are far more 
stable than oscillators using low-frequency crystals and 
multiplier stages. — 


FET Terminology and Parameters 


Any introduction to the nature, behavior, and applications 
of field-effect transistors requires that certain questions be 
answered on FET electrical quantities and parameters — in 
particular, the most important parameters, and the means 
by which they can be measured. The following discussion 
will define specific FET parameters and their associated 
subscript notations, and present basic test circuits and 
results. 
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Major parameters include: 


© Ings — Drain current with the gate shorted to the 
source 


e VGs(off) — Gate-source cutoff voltage 


@ Ioss — Gate-to-source current with the drain shorted 
to the source 


® BVgssg — Gate-to-source breakdown voltage with the 
drain shorted to the source 


© g¢, — Common-source forward transconductance 


© C,, — Gate-source capacitance 


© Cyq — Gate-drain capacitance 


Special attention should be given to the subscript “‘s” be- 
cause it has two different meanings and three possible uses. 
In FET notations, an “‘s” for the first or second subscript 
identifies the source terminal as a node point for voltage 
reference or current flow. However, when using triple sub- 
script notation, an “s’’ for the third subscript does not refer 
to the FET source terminal. It is an abbreviation for “‘short- 
ed”, and signifies that all terminals not designated by the 
first two subscripts must be tied together and shorted to the 
common terminal, which is always the second subscript. 
Therefore, the term Iggg refers to the gate-source current 
with the drain tied to the source. 


Because of the typical low input and output admittance of 
the FET, four-pole admittance equations are commonly used 
to describe electrical characteristics of the FET: 


LS Se ge aoe (1) 


When YR Y91; Y12 and Y99 are defined as the input, 
reverse transfer, forward transconductance, and output 
admittances respectively, Equation 1 reduces to 


payee ty HY V9 


(2) 


in VeV11 h¥6 VO 


For a three-lead FET, 11 usually corresponds to the gate- 
source terminal and 22 corresponds to the drain-source 
terminal (i.e., the device is connected in the common-source 
mode). Thus 


li = Yis Vest Yrs Vds 


’ (3) 
lo = Yfs Ygst Yos Yds 


Here, the second subscript for the y parameters designates 
the source lead as the common or ground terminal. 
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Ipss — Drain Current at Zero Gate Voltage (Ip at Vcg = 0) 


By itself, Ipgg merely refers to the drain current that will 
flow for any applied Vg with the gate shorted to the source. 
However, when a particular value for Vpg is given, équal to 

or greater than Vp (see Figure 10), Ipgg indicates the drain 
saturation current at zero gate voltage. Some FET data 
sheets label Ingg for Vpg greater than Vp as Ipon). 


SATURATION REGION 


Ip - DRAIN CURRENT 


Vps - DRAIN SOURCE VOLTAGE 


FET Characteristic at VGs = 0 
Figure 10 


VGS(off) — Gate-Source Cutoff Voltage 
The resistance of a semiconductor channel is related to its 
physical dimensions by R = pL/A, where 

p = resistivity 

L = length of the channel 

A=W xT =cross-sectional area of channel 


In the usual FET structure, L and W are fixed by device 


geometry, while channel thickness T is the distance between 


the depletion layers. The position of the depletion layer can 
be varied either by the gate-source bias voltage or by the 
drain-source voltage. When T is reduced to zero by any com- 
bination of Vcg and Vpg, the depletion layers from the 
Opposite sides come in contact, and the a-c or incremental 
channel resistance, rpg, approaches infinity. As earlier noted, 
this condition is referred to as “pinch-off” or “cutoff” be- 
cause the channel. current has been reduced to a very thin 
sheet, and current will no longer be conducted. Further 
increases in Vpg (up to the junction reverse-bias breakdown) 
will cause little change in Ip. Accordingly, the pinch-off 
region is also referred to as the pentode or “constant-cur- 
rent” region. . 


In Figure 10, pinch-off occurs with Vgg = 0. In Figure 11, 
VcGs controls the magnitude of the saturated Ip, with in- 
creases in Vg resulting in lower values of constant Ip, and 
smaller values of Vpg necessary to reach the “knee” of the 
curve. The current scale in Figure 11 has been normalized to 
a specific value of Ings. 
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Ip/!pss - NORMALIZED DRAIN CURRENT 


-25 
BVDGS 


Vps - DRAIN SOURCE VOLTAGE (VOLTS) 


FET Ip vs Vp Output Characteristics 
Figure 11 


The knee of the curve is important to the circuit designer 
because he must know what minimum Vpg is needed to 
reach the pinch-off region with Vgg = 0. When appropriate 
bias voltage is applied to the gate, it will pinch off the chan- 
nel so that no drain current can flow; Vpg has no effect 
until breakdown occurs. The specific amount of Vgg that 
produces pinch-off is known as the gate-source cutoff voltage, 


VGS(oft)- 


VGS(off) Test Procedure 


Although the magnitude of VGS(off) is equal to the pinch- 
off voltage, Vp, defined by the pinch-off knee in Figure 10, 
rapid curvature in the area makes it difficult to define any 
precise point as Vp. Taking a second derivative of Vps/Ip 
would yield a peak corresponding to the inflection point at 
the knee, which approximates Vp. However, this is not a 
simple measurement for production quantities of devices. A 
better measure is to approach the cutoff point of the Ip 
versus Vcg characteristic. This is easier than trying to specify 
the location of the knee of the Ip versus Vpg output 
characteristic. 


A typical transfer characteristic Ip versus Vcg is shown in 
Figure 12. The curve can be closely approximated by 


2 
Vcs 


‘e VGS(off) ty 


Ip =Ipss 


Alp 
SLOPE = = 
3VGs fs 


Vps=-5 V 
-VDS 2 VGSioff) 


oe ff) 
itis aa " 
1.6 210 yin 2: 


1.2 
VcGs - GATE-SOURCE VOLTAGE (VOLTS) 


ID/Ipss - NORMALIZED DRAIN CURRENT 


Typical Ip vs Vgg Transfer Characteristic 
Figure 12 
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Equation 4 and Figure 12 indicate that at Vog = VGS(off): 
Ip = 0. In a practical device, this cannot be true because of 
leakage currents. If Ip is reduced to less than 1 percent of 
Ipss, VcGg will be within 10 percent of the VGs(off) Value 
indicated by Equation 4. If Ip is reduced to 0.1 percent of 
Ings, the indicated VGs(off) error will be reduced to about 
3 percent. For a true indication of VGS(off) and a realistic 
picture of the parameters of Figure 12, care must be taken 
that leakage currents do not result in an error in the VGS(off) 
reading. Typically, at room temperature, 1 percent of Inss 
is still well above leakage currents but is low enough to give 
a fairly accurate value of VGs(off): 


A typical circuit for measuring VGS(off) is shown in Figure 
13. At Vcg = 0, the value of Ipss can be measured. Then, 
by increasing Vgg until Ip is 0.01 percent of Ipss; the value 
of VGs(off) is obtained. From a production standpoint, it 
is more convenient to specify Ip at some fixed value (such 
as 1 nA), rather than as a certain percentage of Ipgs- Thus 
_a pinchoff voltage specification may be given as indicated in 
Table I. 


Circuit for Measuring VGs(OFF) 
Figure 13 


Table |! 
Typical Pinch-Off Voltage Specification 


Characteristic 


VGS(off) Gate-source pinch-off voltage of: 
Vos =-5 V, Ip =-1 yA 


Another method which provides an indirect indication of 
the maximum value of VGs(oft) is shown in Table II. The 
characteristic specified is I D(off)> Whereas the parameter of 
interest is VGg = 8 volts. The specification does say that the 
maximum VGS(off) is approximately 8 volts, but no pro- 
vision is made for stating a minimum VGS(off)> as was done 
in Table I. Therefore, another test must be made if 
VGS(off) (min) is to be specified. 


Table II 
Indication of Maximum Vp 


Characteristic Test Conditions | Min | Max] Unit | 


ID(off)  Pinch-off Vos =-12V, ~10] yA 


drain current 
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I¢ss — Gate-Source Cutoff Current 


The input gate of a P-Channel FET appears as a simple PN 
junction; thus the input d-c input characteristic is analogous 
to a diode V-I curve, as is shown in Figure 14. 


BVGss 


IG - GATE CURRENT (uA) 


-10 10 20 30 40 
Vas - GATE VOLTAGE (VOLTS) 


P-Channel FET Input Gate Characteristic 
Figure 14 


In the normal operating mode, with Vos positive for a P- 
Channel device, the gate is reverse-biased to a voltage be- 
tween zero and VGs(oft): This results in a d-c gate-source 
resistance which is typically more than 100M Q. The gate 
current is both voltage- and temperature-sensitive. Figure 
15 shows this relationship for IGgg versus temperature and 


Mer 


!Gss |S NORMALIZED TO VALUE AT 
Ta = 25°C AND Vgs = 30 V 
sl a 


RELATIVE Igss 


100 125 150 
Ta ~ AMBIENT TEMPERATURE (°C) 


1Gss vs Temperature 
Figure 15 


If the gate-source junction becomes forward-biased, (nega- 
tive voltage in a P-Channel device) or if Vos exceeds the 
reverse-bias breakdown for the junction, the input resistance 
will then become very low. 


The FET is normally operated with a slight reverse bias 
applied to the gate-source; hence a good measure of the d-c 
input characteristic is to check the gate current at a value 
of gate-channel voltage that is below the junction break- 
down rating. In device evaluation, there are three common 
measurements of gate current: Icpo» Iggo, and the com- 
bined measurement IGgg. These measurement circuits are 
shown in Figure 16. 
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The question is, should IGpo and Iggqg be measured 
separately, or will one measurement of IGgg suffice? One 
thing is certain: Iggg + IGpo > Iggg, because the drain 
and the source are not completely isolated. They are, in 
fact, electrically connected via channel resistance. For most 
FETs, if VG is greater than VGs(off) the difference between 
(Igso + Igpo) and Iggg is small; therefore, the. measure- 
ment of Iggg is a realistic means of controlling both Igpno 


and IcGso- 


In a circuit, VGp may be biased between zero and BVcpg, 
while Vgg will be between zero and VGSs(off): therefore, 
Ig is not necessarily the same as Iggg. 


BVGss — Gate-Source Breakdown Voltage 


FET input terminals have been previously described as having 
NP or PN junctions, depending on the channel material. As 
such, the junction breakdown voltage is a necessary 
parameter. 


A useful equivalent circuit for a FET is the distributed con- 
stant network shown in Figure 17, for a P-Channel FET. If 
an N-Channel device is being evaluated, the diodes would be 
reversed. In most applications, the gate-drain voltage is 
greater than the gate-source voltage; thus the gate-drain 
breakdown rating is most important. However, it is also pos- 


: © “S_ 
cso SS s 


Three Common Measurement of Gate Current 
Figure 16 
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sible to consider the gate-source junction breakdown and 
the apparent drain-source breakdown (i.e., in Figure 17, 
when a high negative voltage is applied from drain to source, 
CR, will break down while CR, becomes forward-biased). 


Some device manufacturers use a BVGpo rating, which 
means they are only checking diode CR). A better method 
is to use a BVqgg rating (gate-source breakdown with the 
drain shorted to the source), because it checks both CR, 
and CR,, in addition to exposing the weakest breakdown 
path along the entire gate-channel junction. The BVcgg test 
also allows the user to interchange source and drain lead con- 
nections without worry about device breakdown ratings. 


Admittedly, a BVggg test will reject some units which 
might pass a BVGpo test; the number rejected, however, 
will be insignificant compared to the advantage of providing 
symmetrical operation. 


Test Procedures for BVGss 


Junctions may break down softly or sharply; junctions with 
soft knee breakdown are undesirable. Without examining 
each individual unit on a curve tracer, devices with a soft 
knee may be eliminated by selecting a low current level for 
breakdown measurement (see Figure 18). 


O SOURCE 


A Useful FET Equivalent Circuit 
Figure 17 


Ds 


SHARP BREAKDOWN 


Examples of Soft Knee and Sharp Knee Breakdown 
Figure 18 
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£f, — Transconductance 


Transconductance, gr,, is a measure of the effect of gate 
voltage upon drain current: 


Alp 
8fs = AVGs’ Vps = constant (5) 


The interrelation of 8f, to the parameters Ipgg and 
VGS(OFF) should be noted. Equations 4, 6 and 7 describe 
the value of Ip and Sf, in a FET for any value of Vgs 
between zero and VGS(OFF)- 


viCs 


ass VGS(off) (9) 


8fs — 8fso 


2Ipss 


~ VGS(off) 7 


8fso — 


where g¢gq is the value of ge, at Vog = 0 and Ipssg is the 
value of Ip at Vgg = 0. With these equations, the value of 
8, can be calculated with a fair degree of accuracy (20 per- 
cent) if Ipngg and VGS(off) are known. 


Figure 19 shows normalized curves for Ip and ge, as func- 
tions of Vgg in a P-Channel FET. These curves were ob- 
tained from actual measurements on typical diffused chan- 
nel FETs, such as the 2N2606. The curves agree very well 
with Equations 4 and 6 until VGS(off) is approached. For 
these curves, VGs(off) Was assumed to be the value of Vgg 
where Ip/Ipgg = 0.001. 


Ves/VGs(off) 


Normalized Curves for Ip and Sfs 
as Functions of Vgs 
Figure 19 


The drain current of a JFET operating in the triode (below 
pinch-off) region can be accurately predicted by using Equa- 
tion 8, where 


iaiiode® Thac| 2 DSm 8 
D/ triode DSS VGs(off) ( ) 
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Specifications for gg, are shown in Tables III and IV. Note 
that there is a difference in the test conditions specified for 
the N-Channel 2N3823 and the P-Channel 2N3329. The gate 
voltage for the 2N3823 is established as zero. This means 
that ge, is measured at Ip = Ipgg, as in Table III. 


Table Il (2N3823) 


tae: Test 
Vps = 15 V, | 3,500 umho 
Ves = 9. 
f=1kHz 


Table IV (2N3329) 


ashe Test 
Characteristic bes 
Conditions 


Vos =-10V, 
Ip =-1mA 
f=1kHz 


fs Smail-signal common- 
source forward 
transconductance 


Yfs Common-source 
forward transfer 
admittance 


The test conditions shown in Table IV specify a certain. 
value for Ip (-1 mA for the 2N3329). This means that for 
each unit tested, Vgq is adjusted until Ip equals the speci- 
fied value. The conditions specified in Table III simplify 
testing of the gp, parameter by eliminating the necessity of 
adjusting Vqg. Figures 20 and 21 show typical test setups 
for the two methods. 


Test Circuit for gf, with Vgs = 0 
Figure 20 


Test Circuit for gf, with |p Specified 
Figure 21 
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Junction FET Capacitances 


Associated with the junction between the gate and the chan- 
nel of a FET is a capacitance whose value and geometric 
distribution are functions of the applied voltages VGg and 
Vps- Because of the complexity of dealing with such a 
distributed capacitance, a simplification is made so that two 
lumped capacitances, Cy, and Cgq, exist between the gate 
and the source and drain, respectively. (A much smaller 
capacitance, Cq,, also exists between the drain and the 
source, stemming mainly from the device package; this 
header capacitance is small enough so that it can be ignored 
for most purposes.) 


Data sheets quote Cy, and Cod (or other capacitances from 
which they may be derived) for specified operating condi- 
tions. Occasionally, graphs are included which show the 
variations of Cos and Coq as the result of changing condi- 
tions of Vpg, Vgg and temperature. If these data are not 
presented, an estimate of inter-electrode capacitance values 
may be made by assuming that these values vary inversely 
with the square root of the bias voltage. The temperature 
variations will be very small, because they depend on the 
-2.2 mV/°C change in junction potential difference. 


Assuming that the FET is properly biased — that is, that the 
d-c conditions are met by the external circuitry — it is pos- 
sible to construct an incremental equivalent circuit from 
which the small-signal or a-c performance may be predicted. 
Such an equivalent circuit is shown in Figure 22. 


Sfs Ygs | 


Cgss = Ciss = Cgs + Cg 
Coss = Cga + Cds = Cgd = Crss 


Incremental Equivalent Circuit for the Junction FET 
Figure 22 


The equivalent capacitance from the gate to the source, Cog, 
is shunted by a very large input resistance, rg., with both of 
these parameters being characteristic of a reverse-biased 
junction. Similarly, the equivalent capacitance from the gate 
to the drain is shunted by the very large resistance pq. (For 
most purposes, Ig. and Igq may be neglected, and the gate 
impedance of the FET treated as pure capacitance). At the 
drain side of the equivalent circuit the small capacitance 
Cq;— which stems from the header material — is shunted by 
the incremental channel resistance, rg,. This resistance is 
capable of wide variations, depending on bias conditions. 
Since the equivalent circuit is fundamentally relevant to the 
pinch-off or saturated condition, rg, will be on the order of 
megohms. 
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The incremental channel current is given by the transcon- 
ductance, g¢,, multiplied by the incremental gate voltage. 
For the small signal, v,., this is manifested in the equivalent 
circuit by the current generator BtsVos: Notice that the con- 
ventional direction of flow of this current is such that ig 
flows into the FET, in a “positive” direction. 


Many circuits can be designed around the equivalent circuit 
for the junction FET. The actual values of gfs adn rds can 
be measured as previously mentioned; there remains only 
the requirement to establish the methods of determining 
Cgs and Cgq. 


First, assume that the FET is in operation and that the drain 
is connected to the source via a large capacitor, i.e., the 
drain and source are short-circuited to a-c. Under these cir- 
cumstances, a capacitance measurement between the gate 
and the source will give 


Cgss (or Ciss) = Cgs + Cod (9) 


Second, assume that the gate and source are short-circuited. 
to a-c in a similar manner. A capacitance measurement be- 
tween the drain and the source will now give 


Cdss (or Coss) © Cgd (10) 


The alternative symbols Cjsg and Coss simply refer to mea— 
surements made at the input (gate) and the output (drain) 
respectively. An alternative symbol for Cgq is Crss, which 
refers to the “‘reverse” capacitance. 


In data sheets, it is customary to state (= Cjss) Cgss. and 
Cdss (= Coss). Crsg is often given in place of Coss because 
if Cds < Coss, which is usually the case, then Crsg = Coss - 
Equations (9) and (10) can be used in those instances where 
it is necessary to extract Cgs and Cgq, as in 


Cys = Ciss - Cod = Ciss - Crs (11) 


and 


Ced = Crss (12) 


Remember that all capacitance measurements should be 
made at the same bias levels, since the capacitances are func- 
tions of applied voltages. To indicate the order of the capa- 
citances to be found in a junction FET, consider the values 
given in the data sheet for the Siliconix J202 N-channel 
FET. They are given as 


Ciss (at Vps = 20 V and f = 1 MHz) = 5 pF max. 


and 


Crss (at Vps = 20 V and F = 1 MHz) = 2 pF max. 


Hence, at a drain-source voltage of 20 V and a frequency of 
1 MHz, Cgs = 5 - 2 = 3 pF maximum. Even though the FET 
is physically symmetrical, bias conditions have forced the 
capacitances to be unequal. 
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APPLICATION NOTE 


Audio-Frequency Noise Characteristics 


INTRODUCTION 


The purpose of this application note is to identify and 
characterize audio frequency noise in junction field-effect 
transistors. Emphasis is placed on basic device character- 
istics rather than on end applications, since it is impor- 
tant for the circuit designer to know the salient noise 
behavior of the FET, and how those characteristics may be 
specified by production-oriented test parameters. 


Defining FET Noise Figure 


For analysis, it is convenient to represent noise in a FET 
by assuming that an ideal noise-free device has two external 
noise sources, ex and ‘in. These noise sources are chosen 
to have the same output as would an actual noisy FET. An 
equivalent circuit is shown in Figure 1. 


NOI!SE-FREE FET 


Representing Noise in an Ideal FET 
Figure 1 


A noise factor (F) is a Figure of Merit of a device with 
respect to the resistance of a generator. To calculate a noise 
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factor, a source resistor Rg, with a thermal noise voltage 
eT, is added to the circuit. 


A noise factor (F) may be defined as 
Total available output noise power 
Noise power at output due to thermal noise of Rg 
or 


Noise power output due to Rg + noise power out- 
put due to FET 


i= 
Noise power output due to Rg 
or 
Noise power output due to FET 
F =] +——_+—___ = 


Noise power output due to Rg 
or 
noe Gain X noise power of FET referred to input 
Gain X noise power due to Rg 
or 
i Noise power of FET referred to input 


F=1 
Noise power due to Rg 


The thermal noise voltage across Rg is) 


ep = V4kTRGB (1) 


where k = 1.380 x 10°23 Joules/°K (Boltzmann’s Constant), 
T = temperature in °K, and B = bandwidth in Hz. Therefore 
noise power due to Rg is 


ep? 4kTRGB_ 
Re = Rae 4kTB (2) 
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The noise power of the FET referred to the input is 


~~ 
Retin? Rg | ft 43) 


When expressions for the noise power of both the FET and 
Rg are substituted, the noise factor becomes 


eee 21s 2 

ene + R 
4kTRGB 

A noise figure (NF) expressed in dB indicates the presence 

of added noise power from the FET or another active 


device. The noise figure is always given with reference to a 
standard, specifically the generator resistance Rc: 


NF = 10 logy [F] (5) 


| The noise figure of the FET is 


2+iN?R 
ald dB (6) 


NF = 10loi0| 1 AKTR-B 


When junction FET noise is expressed in terms of the noise 
figure (NF), an inherent disadvantage arises in that the 
noise figure value is dependent upon the value of the gen- 
erator resistance, Rg. Therefore, the en; ‘in method re- 
mains as the best way to quantitatively express the noise 
characteristics of the FET itself. 


Describing Junction FET Noise Characteristics 


Junction FET en and ‘in characteristics are frequency- 
dependent within the audio noise spectrum, and take a form 
as shown in Figure 2. 


ue OR FLICKER 4—}7] JOHNSON OR 
CESS NOISE —[—I}T-NYQUIST THERMAL 
RB [ Ti] NOISE REGION i 


Hz) 


(2H//dWV) LNAYYND JSION 
INdNI LINDYID-N3dO LN3IVAIND]A — Nr 


ex — EQUIVALENT SHORT-CIRCUIT INPUT 
NOISE VOLTAGE (nV/, 


f — FREQUENCY (Hz) 
Characteristics of Junction FET Noise 


Figure 2 


en, the equivalent short circuit input noise voltage (with 
the exception of the 1/f" region), is defined as(2) 


en =v 4kTRyB (7) 
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where Ry = 0.67/g¢,, the equivalent 
resistance for noise. The ey, except in the 1/f" region, 
closely approximates the equivalent thermal noise voltage 
of the channel resistance. 


In the so-called 1/f" region, ey is expressed as 
= /4KRyBC + £/f5) (8) 


where n varies between 1 and 2 
and is device- and lot-oriented. 


The characteristic bulge in ex in the 1/f" region has been 
observed to some extent in all junction FETs submitted to’ 
test. The breakpoint or corner frequency shown as fy in’ 
Figure 2 is lot- and device design-oriented, and varies from 
about 100 Hz to 1 kHz. 


As indicated in Equations (7) and (8), ex is inversely pro- 
portional to the square root of the transconductance of the 
FET (ey & 1/Vgeg). ex can be lowered by a factor of 


1/\/N if N devices with matched electrical characteristics 
are connected parallel. For example, when 


en1 = en? 
and let 


8fs1 = 8fs2 


Thus, 
Be. LOPAL =. 2 ge.4 01 2 2.9 


From Equation (7) 


and 


e@nTOTAL = V4kT(0.67/2g¢,1)B 


Thus, . 


(15) 


at 1 — 


A second way to achieve low ey is to use a device with a 
large gate area. Empirically, en is prerrent proportional to 
the square of the gate area (ex = | /Ag? ), independent of 
Bg. This large gate area philosophy has been followed in the 
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design of the Siliconix 2N4867A FET, and noise perfor- 
mance of the device is discussed later in this Application 
Note. A major advantage of this type of design is that ex is 
significantly lowered and in also remains at a low value. 


The equivalent open-circuit input noise current, in, with the 
exception of the shot noise region shown in Figure 2, is due 
to thermally-generated reverse current in the gate channel 
junction. It is defined as 


‘in = N/ 2qIGB (16) 


where q = 1.602 x 10°19 
coulomb (the magnitude of the electron charge), Ic is the 
measured DC operating gate current in amperes, and B is 
bandwidth in Hz. The expression is accurate only when the 
measured gate current is the result of bulk device conduc- 
tance. It is possible for the measured gate current to be due 
to conductance stemming from contamination across the 
leads of the semiconductor package. 


At higher frequencies, as in the shot noise region shown in 
Figure 2, in can be approximated as being equal to the 
Nyquist therr 11 noise current generated by a resistor: 3) 


= a /4kTB 
IN i) Ree 


(17) 


where Rp is the real part of the 


frequency f> in Figure 2 is lot- and device design-oriented 
and can vary from 5 kHz to 50 kHz. 


Another form of noise found in junction FETs is known as 
“popcorn” or burst noise; the term popcorn noise was origi- 
nated in the hearing aid industry because of noise or level 
shifts which are present in input stages, and which resemble 
the sound of corn popping. 


Popcorn noise is a form of random burst input noise cur- 
rent which remains at the same amplitude, and which is con- 
fined to frequencies of 10 Hz or lower. The suitability of a 
FET device is dependent on the amplitude of the burst, its 
duration, and its repetition rate. The origins of popcorn 
noise are not completely identified, but are believed to be 
caused by intermittent contact in aluminum-silicon inter- 
faces and by contamination in the oxidation processes. 


A test circuit to measure popcorn noise in differential 
junction FET amplifiers is shown in Figure 3. In practice, 
popcorn noise is evaluated on an engineering basis, and not 
on a production-line basis. No correlation between Te? 
noise at 10 Hz and popcorn noise has yet been found in 
junction FETs. However, if the amplitude of the burst is 
large and occurs frequently, then 1/f" noise voltage (en) 
is masked and difficult to evaluate at 10 Hz. 
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gate-to-source input impedance. The breakpoint or corner 


1/3 L144 SELECTED | 
FOR LOW NOISE 


CONSTRUCTION IS 
SHIELDED ENCLOSURE 
WITH SELF-CONTAINED BATTERIES 


Test Circuit to Measure Popcorn Noise 
Figure 3 


The graph in Figure 4 shows “moderate” burst noise ob- 
served in a group of junction FET differential amplifiers 
which were measured in the test circuit. 


DC (AVgg/AT) 
DRIFT ONLY 


Popcorn Noise in Differential Amplifiers 
Figure 4 
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Operating Point Considerations 


Unlike bipolar transistors, where en and ‘in characteristics 
vary directly with change in collector current (Ic), similar 
characteristics in junction FETs will vary only slightly as 
drain current (Ip) is varied. This is true so long as the FET. 
is biased so that the drain-source voltage is greater than the 
pinch-off voltage (Vs > Vp or VGs(off))- 


The ey in junction FETs will be lowest when the devices 
are operated at Vag = 0 (Ip = Ipgg), where transconduc- 
tance (g¢,) is at its highest value. This will be true only if 
device dissipation is maintained very low in relation to the 
total dissipation capability of the FET. 


Siliconix 


The curves in Figure 5 illustrate changes in en as the oper- 
ating drain current (Ip) is varied. Note that the lowest ey 
did not occur at Vgg = 0, because of high power dissipa- 
tion and a resultant rise in junction temperature: at the 
operating point. 


2N4392 Hit + 
(NC GEOMETRY) H 


= en © Ip = Iss HH 


t Z| (AND JUNCTION TEMPERATURE) [I] 
| Lowered 
1 bere 


1 td tiiii 
en @ 0 = 0.11 


NOISE VOLTAGE (nV/\/Hz) 


ey) — EQUIVALENT SHORT-CIRCUIT INPUT 


100 1K 10K 
f — FREQUENCY (Hz) 


en Changes vs Ip Variations 
Figure 5 


The optimum (lowest) iy in depletion-mode junction FETs 
should occur at Veg = 0 (Ip = Ipsg). In practice, very 
little change will be seen in iy when the operating point is 
changed, provided that the drain-gate voltage is maintained 
below the gate current (IG) breakpoint and power dissipa- 
tion is kept at a low level. The curves in Figure 6 illustrate 
in characteristics as a function of drain-gate voltage at 
points below, on, and above the IG breakpoint voltage. 


ini 
‘imi 


Hi 
Pa ill 
Ip = 0.1 Ipss 
PA se it 


f — FREQUENCY (Hz) 


(2H//dWV) LNaYYND ASION — Ny 


‘in Characteristics as Function of Drain-Gate Voltage 
Figure 6 


In circuit design, particular attention must be paid to drain- 
gate voltage (Vpc) to minimize gate current (IG) under 
operating conditions. The critical drain-gate voltage (Ig 
breakpoint voltage) can be anywhere from 8 to 40 V, 
depending on device design. (4) Gate operating current (Ic) 
should not be considered equal to gate reverse current 
(IGgg) in linear amplifier applications. IG@gg is only an indi- 
cation of reverse-biased junction leakage under non-oper- 
ating conditions. The Curves in Figures 7 and 8 show how 
Ig breakpoint is related to basic device design. Device 
designs with a high g¢,/C;,. ratio have low breakpoint volt- 
ages, typically at Vpg = 10 V, whereas high py devices 
(U = Ids * Bfs). have much higher Ig breakpoints, typically 
Voc = 20 - 30 V. 
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2N3822 Pa 
NRL GEOMETRY) 
HIGH u TYPE 


25°C 


‘ al 


lies 
Sh 


Ig — GATE CURRENT (nA) 


Vpg — DRAIN-GATE VOLTAGE (VOLTS) 


Gate Operating Current vs Drain-Gate Voltage 
Figure 7 


% 2N5911 
(NZF GEOMETRY) 
HIGH gm/Cj,, TYPE 


Ig — GATE CURRENTS (nA) 


Vpg — DRAIN-GATE VOLTAGE (VOLTS) 


Gate Currents vs Drain-Gate Voltage 
Figure 8 


Characteristics of en and iy at Low Temperature 


Three equations presented earlier ( (7), (16) and (17) ) 
show that ey and iy are temperature dependent. ey and in 
are proportional to ./T, and both will be reduced if the 
temperature is lowered. In Equation (16), iq is propor- 
tional to VIG; Ig will halve for each temperature drop of 
10 to 11°C. @y is also proportional to /Ry, where Ry = 
0.67/g¢,. Thus when gg, is increased, which is typical of 
junction FETs operating at low temperature, en will 
also lower. 


In Figure 9, gg, has been plotted vs temperature for a sili- 
con junction FET, and the low temperature limitation 
caused by a dropoff in g¢, is clearly shown. 


af; - FORWARD TRANSCONDUCTANCE (umhos) 


T — TEMPERATURE (°K) 


Gf, vs Temperature 
Figure 9 
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In connection with the plot of 8, VS temperature, note 
that the relationship can vary from approximately 0.2% to 
1% per degree C. The gg, slope depends upon the basic de- 
sign of the FET, and upon the proximity of the drain cur- 
rent operating point to Ip7z, the zero temperature coeffi- 
cient point. 


The major application for junction FETs at low tempera- 
ture is in charge-sensitive amplifiers.) For best performance 
in this type of application, a high gr./C;c ratio is required. 

Recommended Siliconix FET types for such applica- 
tions are the 2N4416 (NH geometry) and the U311 
(NZA geometry). 


Test Measurements 


By definition, en and ‘in are referred to the input of the 
device under test. To measure en, the test circuit shown in 
Figure 10 will prove useful. 


*Vppb 


OSCILLATOR 


TRUE RMS 
VOLTMETER 


MOUNT D.U.T. AND INPUT CIRCUITRY 
IN SHIELDED ENCLOSURE 


Test Circuit to Measure en 
Figure 10 


The following procedure should be used to make the 
en test: 


1. Set tunable filter to required flow and fhigh:- Ad- 


just oscillator to mean center frequency (fmean = 


[flow ’ fhigh | M2); 


2. Set Vog. to 100 mV with Switch 1 in position (1,) 


Oy AD EOS hale 
Compute V,,,1 = 10 Selo V= 10unV. 
10 


V, 
3. Measure V,,;1. Compute overall gain as Ag= Se = 


in] 


Vout 1 


10yuV~ 


Set Switch 1 to position (2) and measure V+). 


Compute Vj,7, the equivalent short-circuit input 
noise voltage (ex), using A, from Step 3. Vind = 


Vout2>—., 
A, = €x in volts over bandwidth fj,,, to fhigh- 
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An alternate method of performing the above test is to use 
a Quan-Tech Transistor Noise Analyzer consisting of a 
Model 2173 Control Unit and a Model 2181 Filter. The 
analyzer has provision for measuring en and determining | 
NF with various values of Rg in FET and bipolar devices 
with selectable test conditions. The measuring system has a 
constant gain of 10,000. The analyzer records output noise 
at selected frequencies between 10 Hz and 100 kHz in the 
device under test, with the scale shown as the actual output 
divided by 10,000. This is then the output noise referred to 
the input. The equivalent bandwidth for testing is 1 Hz. 


There are certain instances where the test circuit or the 
Transistor Noise Analyzer are not adequate to measure ex 
at certain frequencies over certain bandwidths in the 1/f" 
region. The rms noise over a bandwidth from figw 10 fhigh> 
where there is a 1/f" characteristic over the entire range, 
can be computed as 


ish) 1/2n 


flow 


fknown ’ In ( (18) 


en = len known| . 


Figure 11 represents this equation graphically. For example, 
ey known = 70x 10°9 V/x/Hz at 10 Hz. How much noise is 
in the band from 4.5 to 5.5 Hz? The noise has a 1/f! charac- 
teristic over the entire range. Thus 


70 x 109] lio: . (3) 1/2 


en = 


en = 99.16 x 109 V/\/Hz @ 4.975 Hz, 


4.975 Hz is the mean center frequency where fmean = 
(iow thin)! 


ve 
nia 


en 
KNOWN 


ineiAl Laat 
low fhigh fknown 


Computing rms Noise Over a Bandwidth 
Figure 11 
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‘in measurements are difficult to implement at best. At fre- 
quencies below f, in Figure 2, in is assumed to have a con- 
stant level or “white” noise characteristic which may be 
correlated to gate current, Ig. From Equation (16) Ig is 
established as the measured bulk gate current. Because 
measured gate current (I) is the result of all conductances 
at the gate, the resultant gate current and the computed iy 
due to bulk material can be assumed to be this value or less. 


The total equivalent input noise of the FET can be approxi- 
mated by®) 
epi? = eT? + eN? +N? RG? (21) 
where ey? is the thermal noise of 
the generator resistance Rg and e,;~ is the total noise 
referred to the input. This approximation assumes that the 
equivalent noise voltage and the current generators vary 
independently. Equation (21) implies that ijy* can be cal- 
culated if enxj2, ep and total noise e,; are known. The 
difficulty here is that in MOS or junction FETs, the Rg 
‘must be very large to detect the anticipated small value of 
‘in: easel when Rg is very large ey“ is much greater 
than in Re?2, For example, over a 1 Hz bandwidth at 
peg Ont id Rg is equal to 100 MQ, then 


ep? = 4kTRg = 4 x 1.38 x 103 x 2.95 x 102 x 108 = 


1.63 x 10°12 V/./Hz. (22) 


Anticipated iy is 
‘in © 10715 Amperes/\/Hz 


and 


‘in? = 1030 Amperes//Hz. 
Thus 


Tn2 * Rg? = 1030: 1016 = 10°14 v//Aiz. (25) 


Therefore, in? * RG? is much less than ey”, which renders 
this method of finding ‘in impractical for most common 
MOS FETs or junction FETs. 


An improved method of measuring ‘in? is to substitute a 
low-loss mica capacitor for resistor Rg. The mica capacitor 
by definition does not have equivalent thermal noise voltage, 
and thus Equation (21) becomes 


ni- = €N? + in? * Xc? (26) 


where Xc = capacitive reactance) 
C p 


Siliconix 


- Eni 2” éy2) 12 


Xo (27) 
When a 10 pF mica capacitor was used in the evaluation 
circuit (up to a frequency of 100 Hz) a correlation of from 
80 to 90% was obtained when compared to in? computed 
from measured gate current readings. 


At frequencies above 100 Hz direct computation of ‘in via 
the capacitor method becomes unwieldy because of the 
rapid decrease in capacitor reactance at these frequencies. 


In calculating ijy at higher frequencies, an alternate method 
is to measure (R,,) the real part of the gate-source impe- 
dance of the FET.) When Rp is measured at various fre- 
quencies, the equivalent short-circuit input noise current 
(in) can be computed as a function of frequency (See 
Equation (17) ). A convenient instrument to measure Rp is 
the Hewlett-Packard Type 250A Rx meter or equivalent. 
The Type 250A Rx meter can measure Rp accurately up to 
200K ohms. As is shown in Figure 12, this establishes the 
low frequency limit of 20 MHz for in computed via direct 
measurement of R, for the Siliconix FET Type 2N4117A. 
For frequencies between 100 Hz and 20 MHz, ix must be 
extrapolated, as is shown in Figures 12 and 13. For FET 
types with lower Ry, (such as the Siliconix 2N4393) in can 
be computed down to 2 MHz, and hence extrapolated ij in 
between 100 Hz and 100 kHz is more accurate. 


Ty ante 
Vos= tov | {TTI} MH 


yan ee il 


(2H//SdWV) LNSYYND JSION — Ni 


Rp — GATE-SOURCE RESISTANCE (OHMS) 


f — FREQUENCY (MHz) 


Low Frequency Limit for Calculated ij, 
Figure 12 
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1000K 


See aia 
TIC 


1K 10K 100K 


f — FREQUENCY (Hz) 


Extrapolated ipy vs Frequency 


Figure 13 
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‘The following are representative eN, ‘in curves for Siliconix J-FET products. Of particular importance is the geometry 
which by its design governs the basic noise characteristics of product types derived from it. 


ey — NOISE VOLTAGE (nV/, Hz) 


—/ 


(ZH, /dWV) LNJHYHND 3SION — Ni 
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en — NOISE VOLTAGE (nV/\/Hz) 
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10K 


f— FREQUENCY (Hz) f — FREQUENCY (Hz) 


2N4117A 
(NT GEOMETRY) 


z) 


/dWV) LNAXYND ASION — Ni 


en) — NOISE VOLTAGE (nV/\/Hz) 
ey) — NOISE VOLTAGE (nV/ 


(2H/\ 


(2H//dWV) LNAHYND JSION — Ni 


10K 10K 
f — FREQUENCY (Hz) f — FREQUENCY (Hz) 


FET Noise Characteristics by Geometry 
Figure 14 
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CONCLUSION 


Contemporary junction FETs have noise voltages (en) equal 
to those found in low-noise bipolar transistors. Each type 
of device has a different operating mechanism: the FET is 
voltage-actuated, while the bipolar transistor is current- 
actuated. Hence, FETs have an inherently lower noise cur- 
rent (in) and are preferred over bipolar devices in most 
audio-frequency applications where low-noise performance 
is a design requirement. 


When bias points are properly selected, as described in this 
Application Note, the excellent low-noise characteristics of 
high ge, junction FETs can be realized. 


The curves shown in Figure 14 are representative of ex, and 
‘in performance of Siliconix junction FETs. Of particular 
importance in these curves is the process geometry by which 
the basic design of the FET governs the noise characteris- 
tics of product types derived from it. Readers are invited 
to refer to the Siliconix FET catalog for full geometry per- 
formance data, and for specific part numbers stemming 
from the generic process geometries. 


In the measurement section of this Application Note, it 
was shown that direct en measurements can readily be 
made. iy can be guaranteed at frequencies below 100 Hz by 
measuring the DC operating gate current (IG). When Ig is 
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known, ‘in can be extrapolated from frequencies below 
100 Hz to predict noise performance at frequencies to 
100 kHz. 
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APPLICATION NOTE 
FETs for Video Amplifiers 


INTRODUCTION 


The field-effect transistor lends itself well to video amplifier | For this analysis the gate source leakage resistance has been 
applications. Gain bandwidth products in excess of 250 MHz _ ignored due to its high value. Redrawing the input equivalent 
may be easily achieved using simple one or two transistor _ circuit as a simple parallel RC combination results in 
circuits. DC input resistances in the tens of megohms range 

may also be easily achieved while input capacitances may be 

significantly reduced to less than 1 pF by well known circuit 

techniques. Video amplifiers have applications in communi- 

cations and pulse amplifying circuits and normally operate i) By 

up to 100 MHz. 


Behavior of FET Input Resistance 
Figure 2 


A prime FET parameter, input impedance, has a large effect 
in determining the frequency response of a FET video am- 
plifier. It is not a simple RC network but one in which the 
real and imaginary parts are a function of frequency. 


where 


The voltage generator source resistance Rg and the FET Gy =Re lYjnl 

input impedance Z;, form a frequency sensitive attenua- , pai ule 

tion network. The larger the Rg, the worse will be the fre- aioe [TC (1 + w*T 2°) + T2Ca (1 + wT *)] (1) 
quency response, and vice versa. Examining this in greater qs (w2T{T>)2 +e (T,2 * T>2) 


detail, consider the input equivalent circuit of a FET con- 
nected in the common source configuration, 


and 


where 


By =Im1Yin 
Rgs and Rgq = bulk series gate resistance e w[C; (1+ wT) + Co Clit w?T12)] (2) 
Cys and Coq = bulk series gate capacitance hee (w22T | T>)2 He (T,2 f T>2) 


race = output conductance. 


where 


vies CodRoq 
T2 = CysRgs (3) 


The input resistance varies inversely with the square of the 
frequency (see Figures 3 and 4) while the input reactance is 
Figure 1 inversely proportional to the frequency (see Figure 3). 
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In common-source circuits, 1/G, will typically fall to << 2K 
ohms at 100 MHz while C, remains substantially constant at 
least up to 1000 MHz. Figures 3 and 4 below exhibit these 
relationships. 
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Figure 3 
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To maintain low input capacitance, and thus a high input 


_ impedance over a wide frequency range, feedback may be 


applied to most circuits. Such techniques are explored in 
“FET and Bipolar Cascade”’ section (page 5). The effect of 
Rg on the frequency response is shown in Figures 6, 9, 11, 
13 where various amplifier configurations are investigated. 


Circuits to Consider 


Five video amplifier circuits are considered. They are: 


Common-Source Configuration 
Shunt-Peaked Common-Source Configuration 
Source Follower 

Cascode Amplifier 

FET and Bipolar Cascade 


Common-Source Circuit ! 

The circuit of Figure 5 features high input impedance and 
high voltage gain. The drain resistor is set at 560 ohms to 
maintain good bandwidth which, with 50-ohm generator 
impedance, is determined primarily by the drain load com- 
ponents. These are: 


Rp = 560 Q (4) 

Cr x Coq + Cp + Cy (5) 
C gd = 2.0 pF, Cp the VTVM probe, 2.0 pF, and Cg is 
treoult stray capacitance of 3 pF. 


Cy =24+2+3=7 pF (6) 
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J300 
(42N5911/12) 


Figure 5 


The 3-dB frequency w3 is given by: 
1 
O22 ara 
7) CRD 


1 


eae aa P- winilpaiiia 8 
7x 10-12 x 560 (8) 


w3 = 255 x 10° (9) 


(10) 


The low frequency voltage gain for this configuration is 
given by: 


fz =39MHz 


_ &sRp 


= 11 
Ay Tears (11) 


Ay = 4.9 (12) 


where 


8fs = 15 mmho when Ip = 12 mA, the quiescent current 
Rp= 560 2 (13) 
Rg = 472 (14) 


Measured Performance 


Figure 6 shows the frequency response of the circuit. The 
low-frequency gain was measured at 4.5 and the 3-dB band- 
width at 44 MHz giving a gain bandwidth product of 
197 MHz. This compares with a calculated gain bandwidth 
of 191 MHz. 
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NC 
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Figure 6 
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Effect of Increasing Generator Impedance 


If the generator resistance Rg is increased to 1K ohm, the 
input time constant of the FET is increased. The bandwidth 
of the amplifier is now determined primarily by the input 
time constant which consists of generator impedance 
(Rg = 1K ohm) shunted by C;,, ( see Figure 7). 


Figure 7 


where 


gfsRp 


The response of an input signal of frequency f, will then be 
boosted to an extent depending on the loaded Q of the 
tuned circuit; the loaded Q in turn is dependent on the 
unloaded Q of inductor L, Rg and the FET input resistance. 


Next consider shunt peaking in the drain circuit. In Figure 
8 the inductor L is set to such a value that a low Q tuned 
circuit is formed; the resonating capacitance C is the parallel 
combination of Coq plus stray and load capacitances. For a 
flat response, the LC circuit is tuned to the 3-dB frequency 
of the resistance loaded circuit of Figure 5. (See Appendix.) 


+15 V 


ss 8tsRs 
Cin = ( Cog + ( a ad Cos + Strays 


= (5.9'X) 3:5) 4(0.0.X710) 4.5. 
Cin? = 30 pF 


1 + gfsRs 


(15) 
(16) 


Figure 8 


where 


Coq = 3.5 pF 


Cys = 10 pF 


The corresponding 3-dB frequency is given by: 


(19) 


Ten Lee, eT (20) 
30 x 10712 x 103 


fz = 5.3 MHz (21) 


which agrees closely with the measured bandwidth as shown 
in Figure 6. 


Shunt-Peaked Common-Source Circuit 


The frequency response of the resistance-loaded common- 
source circuit may be significantly extended by shunt peak- 
ing at the gate and/or drain. Consider first.the gate circuit. 
Here an inductor may be connected in shunt with the gate 
and set to such a value that it forms a tuned circuit with the 
FET input capacitance. The frequency of resonance is 
determined by: 


1 


NE La? (22) 
27 Lei 


where 
Cin = Cigg + Cstray + CMiller 
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The required value of L is: 


Rp2Cc 
Sia eae and for the circuit in Figure 8. 


= 0.78 wH 
where 


Rp = 560 2 (26) 


C =Cyq + Cstray + CVTVM PROBE (27) 


C =1.2+1.3+2.5=5 pF (28) 


Due to the low circuit Q (about 5), the value of L is 
not critical. 


The 3-dB bandwidth shown in Figure 9 now extends to 
67 MHz giving a gain bandwidth product of: 


67 x 4.2 = 281 MHz (29) 
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Figure 9 
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When Rg is bypassed by a 0.1 capacitor, the low frequency 
voltage gain is given simply by: 


Ay = &fsRp _ (30) 
=15x 10-3 x 560 (31) 
= 8.4(18.5 dB) 74 432) 


The gain bandwidth product tends to remain constant 
whether Rg is bypassed or not and this effect is shown in 
Figure 9. 


Source-Follower Circuit 2 


A J300 is used in the FET source-follower circuit, Figure 
10, because of its low input capacitance and high g¢, which 
remains high at the frequency range of interest. A source 
|| follower exhibits a high input impedance and low output 
_| impedance. The real part of the output impedance is the 
reciprocal of ge, which is independent of frequency up to 
about 600 MHz. The input capacitance isCgq + Cys (1 - Ay) 
which, in this case, is approximately 1.5 pF maximum. The 
input capacitance is also independent of frequency and 
independent of load when the load is larger than the output 
resistance Rg. 


Figure 10 


The frequency response is dependent mainly on the gener- 
ator internal impedance. For example, when R, is increased 
to 1K ohm the bandwidth falls to 80 MHz. In this particular 
circuit, the low-frequency voltage gain is 0.94. 


The input resistance is proportional to 1/f2 as explained in 
the section, “Behavior of Input Resistance,” and at some 
high frequency will go negative, particularly if the source 
resistor is large. For example, with the circuit in Figure 10, 
the input resistance is high at 10 MHz but in the negative 
resistance region at 100 MHz. However, when Rg is 1000 
ohms, the input resistance is real at this frequency. 


The voltage gain of a source follower is given. by: 


8fsKs 


a 33 
1 + gesRg ery 


Ay = 


Thus Ay is almost independent of Rg when Rg is large. 
Using typical values for the J300 (or % 2N5912) in Figure 
10, the drain current is 3 mA, gg, is 5 mmho and Rg 4700 
ohms, 


Ay = 0.96 
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which is near the measured value of 0.94. Measured perfor- 
mance is shown in Figure 11. The output resistance of this 
source follower is given by: 


c-OZNV 


= 200.2 (34) 


and in this circuit, Rg was measured at 165 ohms. The 
source follower is a useful versatile circuit which may be 
used as an impedance converter, level shifter, buffer stage, 
Or as an input circuit to an op amp or feedback amplifier. 
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Figure 11 


Cascode Circuit 


The cascode circuit has applications as a buffer amplifier for 
use with high stability oscillators or in low level power am- 
plifiers? mainly due to its low reverse transfer character- 
istics. The advantages and considerations of this configura- 
tion, Figure 12, are similar to those listed for the common- 
source circuit. An extra advantage exists in the cascode 
circuit, namely the low input capacitance: 


Cin = Cys + (1 = Ay) Cag (35) 
Cin = Ciss + Cga 


U257 op 2N5912 
DUAL DUAL 


Figure 12 


where Ay is the voltage gain from Q, gate to Q, drain 
which is essentially unity. C;,, for the U257 dual FET is 
5 pF and Cg, is 1 pF, therefore 

Cin = 5 + 1= 6 pF, excluding strays of 4 pF 


Thus Miller effect is minimized and a good gain bandwidth 
product is achieved. 
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Figure 13 shows cascode frequency response. The voltage 
gain at low frequency is 15 dB (x 5.6) and the bandwidth is 
24.5 MHz with a generator impedance of 50 ohms. Gain 
bandwidth product is 137 MHz. 
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Figure 13 


FET and Bipolar Cascade 


The FET and bipolar transistor combination of Figure 14 
makes a good video amplifier because the FET input provides 
the voltage gain thus obtaining a superior gain bandwidth 
product. The feedback capacitor a-c couples the emitter to 
the drain. The a-c voltage at the gate is nearly equal to that 
at the source. This source voltage is d-c coupled to the base. 


Figure 14 


This produces an a-c voltage at the emitter whose amplitude 
is almost equal to that at the base. Thus at the FET, 
Vg = Vs = Vq and all three signals are in phase. In this way 
Miller effect capacitance is largely eliminated. 


The frequency response of this circuit is controlled by the 
output time constant if f, of the transistor is much greater 
than the amplifier bandwidth. In the circuit shown the a-c 
load is 2.5 pF. 


CONCLUSION 


The input resistance of a FET is inversely proportional to | 


the frequency squared, while the input capacitance remains 
constant to at least 1000 MHz. 


Several video amplifier configurations are considered. The 
common-source circuit is considered first: in the example, 
the low frequency gain is 4.5 and the 30-dB bandwidth 
44 MHz (gain bandwidth 197 MHz). By shunt peaking in the 
drain circuit, gain bandwidth is increased to 260 MHz. The 
simple source-follower circuit gives a gain near unity with 
GBW almost 300 MHz and an output resistance of 1/g¢,. The 
cascode circuit features a low input capacitance and GBW 
of 137 MHz. The circuit featuring the best gain bandwidth 
is the FET and bipolar combination. A gain of 11 dB and 

bandwidth of 90 MHz is achieved. | 
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APPENDIX 


Selection of Video Amplifier Designs with 
Performance Summary 
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Note. All output voltages measured with Boonton 91C VTVM. 


Common Source Stage 


+15 V 


2N4393 50 
50 
1K 
1K 


120 1.5K 
120 1.5K 
120 1.5K 
120 1.5K 


Cascode Common-Source Circuit 


+15 V 


C,, Bw GBW 
pF MHz MHz 
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Shunt-Peaked Common-Source Stage 
J300 


2N4393 (%2N5911/12) 


+15 V +15 V 


Rs ? 
Gain dB 
By passed 


Gain 
Bypassed 


2N4416 


+15 V 


1500 22 


Re 
Bypassed Gain dB 
(0.1 WF) 


Gain dB 
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Source-Follower Circuit 


R C. 
en Gain Stray pF Total pF oi 
50 0.92 22 PAST 165 350 326 
1K 0.92 22 2.7 165 55 50 


N ote. Ro = output resistance of the source follower. 


Derivation of Input Admittance Terms 
where 


Ry = Rgs 
R= Req 


S =jw 


Cy=Cys (1) 
C2=Cgq_ (2) 


Ry Ro 
Cy C2 


Mo R{C; stl RoCost1 
L™ | ge; 


_ = w°C4C (Ry + Rg) + (Cy + Cp) 
(i - wR {RxCjC>) + s(CyRy + CoRo) 


(4) 


- Derivation of Shunt Peaking Formula 


The equivalent circuit of the drain load is shown in the Fig- 
ure below. The total impedance seen by the drain is given by: 


(1 = w2LC)? + w2C?R, 2 


TO DRAIN 
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Offset (Max) 
(Input to Output) mV 


U257 50 
2N5912, K 


U232 50 
1K 


The response below shows the “normal” 3-dB frequency 
without peaking — f;. It isnow required to raise the response 
at f; by 3 dB to achieve a maximally flat response. There- 
fore, under these conditions the total impedance seen by 
the drain at f; must equal the impedance seen by the drain 
at f,. Also at f7, Xc=Ry. Substituting for Xc in Equation S: 


a) 


oO 
az 
w 
a 
2 
() 
a 
7) 
w 
x 


Ry2 - 2wLRy, + w2L? + Ry? = Ry 2 + w2L2 
Ry,2 = 2wLRy, 
Ry, = 20L 
Ry 
ri An fy 
and 
1 } Ry2C 

eR oar aed 
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For op amp applications requiring the best possible 
performance, consider a composite op amp that takes 
advantage of differing process technologies. A JFET dual 
can be combined with a Signetics NE5534 bipolar op amp 
for outstanding performance. Input bias current can be 
reduced, yet slew rate can be very high (20V/ysec to 
40V/usec) and the circuit is unity-gain stable. Output 
swing is a minimum of +12V into a 600 ohm load when 
operating from +15V power supplies. This high output 


APPLICATION NOTE 


Composite Op Amp 
for High Performance 


capability combined with a JFET input stage makes this 
an excellent amplifier for high-speed integrators, SAMPLE/ 
HOLD circuits, peak detectors, and log amplifiers. 


The input portion of the circuit is shown in Figure 1. The 
NPN input stage of the NE5534 IC op amp is biased into 
cut-off by connecting both inverting and non-inverting 
inputs to the negative rail. A JFET preamplifier input stage 


High Performance Op Amp Using The Siliconix 2N5912 


Rp~1.37K 


RE~1620 


NE5534 
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is then connected into the PNP second stage of the NE5534 
and the currents that formerly flowed through the NE5534 
NPN input pair are now diverted into the JFET input pair. 
Drain resistors Rp effectively parallel the collector resistors 
Rc from within the IC op amps and the JFET drain 
currents will then be the sum of the currents through Rp 
and Rc. The voltage across the parallel combination of RD 
and RC is nominally 2.5V due to the internal biasing of the 
NE5534. Going directly into the second stage of the IC op 
amp rather than into the NES534 NPN input stage has two 
distinct advantages: 


1. Frequency response is better in that the phase shift of 
the bipolar input stage is avoided. A high-current JFET 
input stage, such as the 2N5912 when operated in the 
ImA to 8mA drain current range, has excellent 
frequency response in comparison to an NPN stage 
operating in the 150uA to 200uA range. 


2. The operating level at the JFET drains is only 2.5V 
below the positive supply rail, therefore the common- 
mode input range for the JFET input stage can be 
relatively high. The combination of low input bias 
current with high frequency response is useful for 
SAMPLE/HOLD circuits, high-speed integrators, 
photo-multiplier tube amplifiers, and high-speed data 
conversion circuits. 


Although more expensive than a single monolithic op amp, 
the combination of a JFET preamp with a bipolar IC 
second stage can provide substantially better performance 
than any monolithic alternatives. 


A Siliconix 2N5912 JFET dual was chosen for the input 
stage in this example because of its high operating current 
range, high gain, and excellent frequency response. The 
saturation drain current Ipss has a specified range of 7mA 
to 40mA, but is typically 10mA to 24mA. Gate source 
cutoff voltage VGS(off) is in the range of -1V to -5V witha 
typical value of approximately -2V to 4V. The 2N5912 
characterization curves indicate that any drain current 
from ImA to 8mA will provide good performance, and 
2mA was chosen for this application. 


The current diverted from the bipolar input stage to the 
JFET input stage is nominally 180uA on each side; 
therefore a drain current on each side of 1.82mA is needed 


be approximately 2.5V/1.82mA, or 1370 ohms on each 
side. 


Gain of the JFET input stage can now be calculated. From 
the 2N5912 characterization curves, forward transconduc- 
tance gfs will be in the range of 2.6mmhos to Smmhos for 
units having Ipss of 10mA to 24mA and when operated at 
a drain current of 2mA. The differential gain can be 
approximated by the product gfs Rp. Using a center value 
of 4.3mmhos and 1230 ohms, (Rp and RC in parallel), 
then the gain will be approximately 6.5, or 16dB. Total 
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from the drain resistors Rp to make up a total drain | 
current of 2.0mA. The drain resistor Rp therefore needs to » 


amplifier gain was found to closely approximate the gain 
curve for a 5534 being operated alone. 


The cascode configuration using two input pairs as shown 
has several advantages. Most importantly, the input gate 
current is dramatically reduced due to the lower drain-to- 
gate voltage on the input pair. In the cascode configuration, 
the gate-to-source voltage on the upper pair will be the 
drain-to-source voltage of the input pair even with the 
common-mode input variations. All of the common-mode 
swing is taken up by variations in Vps of the upper pair. 
Gate leakage of the input pair is primarily dependent on 
drain-to-gate voltage VpG, which will be a constant 
—2VGS in this cascode configuration. Drain-to-gate voltage 
on the input pair will be low, typically in the 3V to 6V range, 
which is well below the “IG breakpoint”. From the 
characterization curves on the 2N5912, gate current leakage 
will be under 2pA for drain-to-gate voltages under 6V. The 
cascode configuration is very effective in reducing input 
bias current for JFET input stages. Another advantage of 
the cascode configuration is a reduction of input capacitance. 
The input pair drains are “bootstrapped” to the common source 
point and both must follow the gate voltage. The effective 
capacitance from gate-to-drain and from gate-to-source is 
reduced. In addition, output conductance is reduced by the 
cascode configuration which also helps CMR. Adding the 
second JFET pair significantly improves both input bias 
current and common-mode rejection without degrading 
other parameters. 


The constant current source consisting of Q3 and Q4 
primarily improves common-mode rejection and rejection 
of power supply variation. It also establishes the nominal 
operating voltage at the input (pins | and 8) of the 5534 op 
amp. The current will be a constant VBR/ RE independent 
of fluctuations in power supply voltage or input voltage 
level. This current source has very high impedance, therefore 
common-mode inputs are heavily attenuated. 


Common-mode-rejection-ratio (CMRR) is very high due 
to the use of a constant current source, but can be further 
improved by matching of drain resistance. The parallel 
combination of Rp and RC isthe effective drain resistance 
for this design. The transconductance ratio between the two 
sides of the input pair also directly affects CMRR. The 
drain resistors should be well-matched to minimize the 
CMRR adjustment range since it also affects offset and 
drift. 


Each 1% mismatch in drain resistance will cause approxi- 
mately 11uV/°C of input offset voltage drift. CMRR can 
be readily trimmed to over 100dB. CMRR vs. frequency is 
excellent due to the use of the 2N5912, a wide-bandwidth 
FET, in a cascode configuration. 


A high performance op amp should also have good output 
characteristics, low noise, and high slew rate. The NE5534 
op amp is rated for +14V mimimum output swing into a 
600 ohm load when operating from +15V power supplies. 
Output resistance is typically 0.3 ohms. The Siliconix 
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2N5912 characterization curves show a typical equivalent 
input noise voltage of only 10nV/.\/ Hz at 10H z. There is 
also a component of noise from the second stage, but its 
effect is divided by the input stage gain and its contribution 
is small. Input current noise of this composite op amp is 
very low due to the typical operating level of 1pA input bias 
current. For slew rate, this circuit is capable of 50V/ usec 
when going negative. Positive slew rate is 50V/wpsec 
without use of a compensation capacitor, but drops to 
25V/ sec with a 20pF compensation capacitor. Compensa- 
tion capacitance will generally be needed only when driving 
capacitive loads. Even the lower value of slew rate, 


25V/ sec, corresponds to a full-power (+10V) frequency 
of 400K Hz. 


While the vast majority of op amp applications can be 
satisfied through use of conventional IC op amps, there are 
applications in high-performance instrumentation systems 
that require superior performance. This composite op amp, 
which makes use of precision dual JFET input pairs anda 
high performance IC op amp, provides a unique combina- 
tion of low input bias current, high CMR, low noise, 
excellent frequency response, and high output swing. 
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INTRODUCTION 


When high-performance, high-frequency junction field-effect 
transistors (JFETs) are used in the design of active balanced 
mixers, the resulting FET mixer circuit demonstrates clearly 
superior characteristics when compared to its popular passive 
counterpart employing hot-carrier diodes. Comparison of 
several types of mixers is made in Table I. The advantages 
and disadvantages of semiconductor devices currently used 
in various mixer circuits are shown in Table II. 


Why an Active Mixer? 

Active mixing suggests high-level mixing capability. High 
-level mixing in turn infers that active mixers outperform 
passive mixer circuits in terms of wide dynamic range and 
large-signal handling capability. Additionally, the active mix- 
er offers improved conversion efficiency over the passive 
mixer, permitting relaxation of the IF amplifier gain require- 
ments and even possible elimination of the customary RF 
amplifier front end. 


Table | 
MIXER TYPE 


Single ae 


Characteristic 

Bandwidth Several 
decades 
possible 


Relative IM 
Density 
tik oo 
= 


Interport 
Isolation 


Relative 
L.O. Power 
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APPLICATION NOTE 


FES in 
Balanced Mixers 


Ed Oxner 


Initial evaluation of the active FET mixer will imply a dis- 
advantage because of local oscillator drive requirements; 
bipolar devices in low-level mixers require very little drive 
power. However, in high-level mixing this disadvantage is 


overcome in that drive requirements at such mixing levels - 


are generally the same, no matter whether bipolar or FET 
devices are used. 


Why FETs for Balanced Mixers? 


The performance priorities of modern communication sys- 
tems have stringent requirements for wide dynamic range, 
suppression of intermodulation products, and the effects of 
cross-modulation. All of the foregoing parameters must be 
considered before noise figure and gain are taken into 
account. 


Since FETs have inherent transfer characteristics approxi- 


mating a square-law response, their third-order intermodula- 
tion distortion products are generally much smaller than 


Table II 


DEVICE ADVANTAGES DISADVANTAGES 


Bipolar 


Transistor 


Dual-Gate 
MOS FET 


Low Noise Figure 
High Gain 
Low D.C. Power 


Low Noise Figure 
High Power Handling 
High Burn-out Level 


Low Noise Figure 
Conversion Gain 
Excellent IM products 
Square Law Characteristic 
Excellent Overload 

High Burn-out Level 


Low IM Distortion 
AGC 
Square Law Characteristic 


High IM 
Easy Overload 
Subject to Burnout 


High L.O. Drive 
Interface to |.F. 
Conversion Loss 


Optimum Conversion Gain not 
possible at Optimum Square 
Law Response Level 

High L.O. Power 


High Noise Figure 
Poor Burnout Level 
Unstable 


5-31 


L-CZNV 


AN72-1 


those of bipolar transistors. Harmonic distortion and cross- 
modulation effects are third-order-dependent, and thus are 
greatly reduced when FETs are used in active balanced 
mixers. 


A secondary advantage derives from available conversion 
gain, so that the FET mixer becomes simultaneously equiv- 
alent to both a demodulator and a preamplifier. 


First Order Balanced Mixer Theory 


Essential details of balanced mixer operation, including sig- 
nal conversion and local oscillator noise rejection, are best 
illustrated by signal flow vector diagrams (Figure 1). 


SIGNAL 
CONVERSION 


t 


NOISE 
REJECTION 


t 


Signal and Noise Vectors 
Figure 1 


Energy conversion into the intermediate frequency (IF) pass- 
band is the major concern in mixer operation. In the follow- 
ing analysis, both the signal and noise vectors are shown 
progressing (rotating) at the IF rate (Wirt); the. resulting 
wave occurs through vector addition. 


The analysis of local oscillator noise rejection (Figure 1) 
assumes, for simplicity of explanation, that noise is coherent. 
Thus at some point in time (t,) the noise component (e,) 
is “in phase” with the local oscillator vector (e Jo) and FET 
“A” (the rectifying element) is ON; the JFET mixer acts as 
a switch, with the local oscillator acting as the switch drive 
signal. One-half cycle later, at time t>, the signal flow is 
reversed for both the local oscillator vector and the noise 
component, FET “A” is OFF and FET “B” is ON. Moving 
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ahead an additional one-half of the IF cycle, FET “A” is 
again ON, but the noise component has advanced 180° 
(wif) through the coupling structure, and is now “out of 
phase’’. The process continually repeats itself. 


The end result of this averaging (detection) is the cancella- 
tion of the noise which originated in the local oscillator, 
providing that the mixer balance is precise, (1) 


The analysis of the conversion of the signal to the IF pass- 
band is similar, but the signal is injected into the coupling 
structure at the equipotential tap. Thus at time t>, the signal | 
vector (€,) is “out of phase” with the local oscillator vector, 
€i9- The resulting envelope develops a cyclic progression at | 
the IF rate, since the signal is “demodulated” by the mixing 
action of the FETs. 


A schematic of a prototype balanced mixer is shown in 
Figure 2. Design criteria, in order of priority, include the 
following: 


(1) Intermodulation and Cross-Modulation 
(2) Conversion Gain 

(3) Noise Figure 

(4) Selecting the Proper FET 

(5) Local Oscillator Injection 


(6) Designing the Input Transformer 


(7) 


Designing the IF Network 


Intermodulation and Cross-Modulation 


A basic aim in mixer design is to avoid the effects of inter- | 
modulation product distortion and crossmodulation. Part 
of the problem may be resolved by using a balanced mixer 

circuit. 


The active transfer function of the FET is represented by a | 
voltage-controlled current source. For both crossmodula- 
tion and intermodulation, the amount of distortion is pro- | 
portional to the amplitude of the gate-source voltage. Since 
input power is proportional to input voltage, and inversely 
proportional to input impedance, the best FET IM and | 
cross-modulation performance is obtained in the common- |” 
gate configuration where the impedance is lowest.(2) : 


When JFETs are used as active mixer elements, it is impor- a 
tant that the devices be operated in their square-law region. | 
Operation in the FET square-law region will occur with the | 
device in the depletion mode. Considerable distortion will. 
result if the FET is operated in the enhancement mode 
(positive, for an N-channel FET); by analogy, the problems 
encountered are similar to those which arise when positive | 
drive is placed on the grid of a vacuum tube. 


Square-law region operation emphasizes the importance of 
establishing proper drive levels for both quiescent bias and | 
the local oscillator. The maximum conversion transconduc- 
tance, g., is achieved at about 80% of the FET gate cutoff | 
voltage, Ves(ofty and amounts to about 25% of the forward | 
transconductance, g¢., of the FET when used as an amplifier. le 


1F 

OUTPUT 
Cy, C5 — .01 ufd 
Cz,Cq4—1- 10 pF 
C3 — 1000 pF 
Cg, Cg — 30 pF 
C7, Cg — 68 pF 
Ci9)«6—— * 0.1 un F 
Ly, Lg — 1.3 wHy 
Q4, Qo— U310 (2) or U430 
Ty — RELCOM BT-9 


Prototype Active Balanced Mixer 


Figure 2 


Sirce conversion gain (or loss) must be considered, it is 
coinmon to equate voltage gain Ay, as: 


Ay = 8oRL (1) 


where g, is the conversion transconductance and Ry is the 
FET drain load. 


An attempt to achieve maximum conversion gain by indis- 
criminately increasing the drain load resistance will adversely 
affect any design priority concerning distortion — particular- 
ly intermodulation product distortion. 


Distortion takes different forms in mixers. Most obvious is 
that distortion which will occur if the FET is driven into 
the enhancement mode, as noted earlier. A more pernicious 
form is drain load distortion. And finally, there is the so- 
called “‘varactor effect.” 


| The most frequent cause of poor mixer performance stems 
| from signal overloading in the drain circuit. Excessive drain 
load impedance degrades the intermodulation characteristics 
and produces unwanted crossmodulation signals (3) A char- 
acteristic of the FET balanced mixer is that the correct 
| drain load impedance is inversely proportional to-the value 
| of the conversion transconductance. Figure 3 shows the 
| improvement in IM characteristics obtained in the prototype 
mixer with the drain load impedance reduced to 1700 2 
| from 5000 2. Specifically, the dynamic load line must be 
| plotted so that the signal peaks of the instantaneous peak-to- 
| peak output voltage are not permitted to enter into the non- 
| saturated (“‘triode’’) region of the FET. Suitable and unsuit- 
able drain load lines are shown in Figure 4. Load impedance 
| selection is quantified in Equations 18 through 20. 


Distortion from the “varactor effect” is of secondary impor- 
tance, and arises from an excessive peak voltage signal 
| swing, where the changing drain-to-sorce voltage can cause 
| a change in parasitic capacitance, Cs and give rise to har- 
monics. A FET tends to be voltage-dependent when the 
drain voltage falls appreciably below 6 volts. If the source 


voltage (from the power supply) is also low and the drain 
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load impedance is high, then distortion will develop. How- 
ever, if proper steps are taken to prevent drain load distor- 
tion, the varactor effect will also be inhibited. 


SOURCE INJECTED MIXER (L.O. & SIGNAL) 
FREQ LO = 120 MHz; POWER LO: +17 dBm 

FREQ SIG = 150 MHz 
DRAIN IMPEDANCE: 1700 ohms 
5000 ohms 
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Comparison of Mixer IM Characteristics 
Figure 3 


TRIODE 


REGION |“——— SATURATED REGION ———\ 


Plotting Drain Load Lines 
Figure 4 


5-33 


[-CZNV 


AN72-1 


Conversion Gain Figure 5 shows plots of normalized conversion trans- 
conductance, g./g¢, versus normalized quiescent bias, Vocs/ 


VGS(oft)> for different oscillator injections. 


In a FET, forward transconductance is defined as(5) 


dIp 
= (2) 
Bfs dVos 


_!_ | Locus oF 
| t VLO = Vgo 


AV = 0.8 VGsioff) 
_ YGS(off) 
2 


\ VLO 
Pa fies \ GS (off) 
ares a, si VLo 4 Tikgios 


and conversion transconductance is defined as(©) 


dID (ei) 


; dV gs(cor) re 


&c 


Gc/9fs X 100% 


where wi = the intermediate frequency and wr = the signal 
frequency. 


The effects of time-varying local oscillator voltage, V5, and 
the much smaller signal voltage, V,, must be considered: 


Vgs = Vj cos wit t+ V5 cos wot (4) 0.2 04 06 08 10 1.2 14 16 1.8 2.0 


VGo/VeEsi(off) 


For square law operation‘7) 


Normalized g,/g¢ vs. VG6s/VeSioff) 


Vo + VcGs < VGS(off) (5) (from “FET RF Mixer Design Technique”, S.P. Kwok, 
WESCON Convention Record (1970) 8/1, p.2.) 
Drain current is approximately defined by (8) Figure 5 
2 
VGs 
Ip =Ipss |! - eal (6) 
(9) VGS(off) Noise Figure 


a Like the common-gate FET amplifier, the common-gate FET 


8fso VGS(off) Vos é balanced mixer is sensitive to generator resistance, Rg.(! 1) 
lp = : 75 f i va (7) A change of a decade in Rg can produce a noise figure varia- 
Pe tion of as much as 3 dB. 
© 17 2fso 2 In the design of the prototype FET active balanced mixer, 
DER 2VGS(off) VGS(off) a ‘35 (8) the generator resistance of the FETs is established by the 
(10) hybrid coupling transformer. Two important criteria for the 
then FETs in the circuit are high forward transconductance, and 
Bfso a value of power-match source admittance, Bigs, which close- 
Ip VL oe (complex Taylor expansion) (9) ly matches the output admittance of the coupling trans- 
GS(off) former. In the common-gate configuration, match points for 
whichican be reduced to optimum power gain and noise do not occur at the same 
value of generator resistance (Figure 6). Optimum noise 
IDaR) eS Bfso V1 V9 cos (w1 — w9)t (10) match can only be achieved at the sacrifice of bandwidth. 
2VGS(off) 


and the conversion transductance is 


3 dB POWER GAIN 


© NGS otf) Ore 


Equation 11 suggests that 8, increases without limit as V> 
increases without limit. However, to avoid operation of the 
FET in the “triode” region, the peak-to-peak swing of V> 
should not exceed VGS(off): 


Thus 


POWER GAIN AND NOISE MATCH (dB) 


2V> peak < VGS(off) (12) 
GENERATOR RESISTANCE (2) 
Or 


VGS(off) Power Gain and Noise Matching 
2S(off (13) 


< 
3 Bats Figure 6 
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How to Select the Proper FET 


Conversion efficiency is determined by conversion trans- 
conductance, g., which in turn is directly related to such 
FET parameters are zero-bias saturation current, Ipgg, and 
the gate cutoff voltage, Vg off): 


IDss 
et 2a 14 
© Ves(oi? 

&fso 

Re 15 
2VGS(off) oo 


Equation 15 appears to indicate that FETs with high Ings 
are to be preferred. However, Ipgg and VoGs(off) are related, 
and Figures 7A and 7B show that devices from a family 
selected for high Ipgg do not provide high conversion trans- 
conductance, but actually produce a lower value of g,. 


5 


Vesioff) (V) 


10 20 40 


Ipss (mA) 


a. 


IDSs 
(Vesiott)!? 


10 


Ipss (mA) 


b. 


Relationship of Ipsg and VGs(off) 
Figure 7 


Best mixer performance is achieved with “matched pairs” 
of JFETs. Basic considerations in selecting FETs for this 
application are gate cutoff voltage, VogoF , for good con- 
version transconductance, and zero-bias saturation current, 
Inss- for dynamic range. A match to 10% is generally ade- 
quate. Among currently available devices; the Siliconix 
U310 and the dual U431 offer excellent performance in 
both categories; common-gate forward transconductance is 
20,000 umhos max at VDS = 10 V, Ip = 10 mA, and 
f= 1 kHz. 


There is, of course, the possibility that FET cost is a major 
| consideration in evaluating the active balanced mixer ap- 
proach — the familiar price/performance tradeoff. If this is 
the case, there are a number of other Siliconix FETs which 
will provide suitable alternatives to the U310. Remember, 
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however, that conversion transconductance, g., can never 
be more than 25% of forward transconductance. Thus as 
tradeoff considerations begin, the first sacrifice to be made 
will be the degree of achievable conversion gain. Intermod- 
ulation performance will follow with the third tradeoff being 
available noise figure. Table III lists a number of possible 
alternatives to the U310. 


Table II 


Uypical DEVICE TYPE 
has oe a I 


*Similar devices are also available in plastic packages: 


U310 (J310) 
2N4416 (2N5486, J304-18) 


Local Oscillator Injection 


Low IM distortion products and noise figure, plus best 
conversion gain, will be achieved if the voltage swing of the 
local oscillator across the gate-to-source junction is held to 
the values presented in Figure 5S. V] ¢ is expressed in terms 
of peak-to-peak voltage, while Vos(off) is a d.c. voltage. 


Local oscillator injection can be made either through a brute- 
force drive into the JFET source through the hybrid input 
transformer, or through a direct-coupled circuit to the JFET 
gates where less drive will be required for the desired voltage 
swing, Two circuits to obtain direct gate coupling are sug- 
gested in Figure 8. 


GATES TIED IN PARALLEL 
L2 RESONATES WITH Cg 


ZRF O—) 


GATES DRIVEN PUSH-PULL 
=, SOURCES TIED TOGETHER 


b. 


Alternate Forms of L.O. Injection 
Figure 8 
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The source-injection method is used in the design of the 
present mixer to maintain the inherent stability of a com- 
mon-gate circuit. A minor disadvantage with the direct- 
drive method is that the required gate-to-source voltage 
swing requires considerable local oscillator input power. 
For source injection through the transformer. best mixer 
performance is obtained with a local oscillator drive level of 
+12 to +17 dBm across a 50-ohm load. 


Conversely, direct coupling to the FET gates occurs at a 
higher impedance level and less local oscillator drive power 
is required. The functional tradeoff resulting when the gates 
are tied together is that shunt susceptance requires some 
form of conjugate matching, and thus brings about an un- 


| desirable reduction of instantaneous mixer bandwidth. 


Designing the Input Transformer 


Five criteria are important to the design of the hybrid input 
coupling transformer for best mixer performance. The impe- 
dance transformer must 


(1) Consist of four single-ended terminals, for the local 
oscillator, the input signal and FETs A and B 


Offer a match between either input to a symmetri- 
cal balanced load 


Provide as much isolation as possible between the 
signal and local oscillator ports (Figure 9) 


Maintain a differential phase of 180° across the 
symmetrical balanced loads 


Introduce the least possible amount of loss 


4-Port Hybrid with Phase and Isolation 
Figure 9 


A transformer using ferrite cores and meeting these five 
requirements is derived from elementary transmission-line 
theory (Figure 10). Transmission line transformers have a 
low-frequency cutoff determined by the falloff of primary 
reactance as frequency is decreased. This reactance is deter- 
mined by the series inductance of the transmission line con- 
ductors. On the other hand, high-frequency performance is 
enhanced by minimizing the physical length of the trans- 
mission line. Minimizing overall line length while maintain- 
ing suitable reactance can be accomplished by using a| 
high-permeability core material such as a ferrite.(12) The 
transformer constructed for the balanced FET mixer closely | 


resembles the balanced 4-port unsymmetrical 180° hybrid 
device described by Ruthroff.(1 3) 


Hybrid Input Coupling Transformer 
Figure 10 
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Although Ruthroff does not discuss the method of deter- 
mining the winding length of bifilar wire, a solution is offered 
by Pitzalis. (14) The Pitzalis definitions for wire cen are 
as follows (Figure 11): 


max length = ee (inches) 


upper 


(16) 


OR, 
(1 + 4/U9) flower 


min length = (inches) (17) 


where R; = the load impedance, u/ug = the relative 
permeability of the ferrite at the lower frequency, and n= 
a fractional wavelength determined by the amount of allow- 
able phase error. 


Selection of the ferrite core material is determined mainly 
by performance requirements. A prime consideration for 
wideband performance is the temperature coefficient of the 
ferrite, which must have a low loss tangent over the required 
temperature range, i.e., high Q. 


In addition, an important design factor involves the relative 
permeability of the core, since inductance of a conductor is 
proportional to the permeability of the surrounding me- 
dium.(15) 4 high permeability material placed close to the 
transmission line conductors acts upon the external fringe 


field present, appreciably magnifying the inductance and 
providing a lower cutoff frequency. Power transferred 
from input to output is coupled directly through the di- 
electric medium separating the transmission line condcutors; 
thus a relatively small cross-section of ferrite material can 
operate in an unsaturated state at impressively high power 


levels. For the FET balanced mixer, ferrite core material 
with a permeability of 40 provides satisfactory operation 
from 50 to 250 MHz. Figure 11 also demonstrates that a 
lower transmission line impedance, Z,, is to be preferred 
over a higher Z,. Both 50-ohm and 100-ohm transmission 
lines are required for the mixer transformer; twisted pairs 
will provide satisfactory results. A characteristic impedance 
of 45 Q is obtained from 3 turns-per-inch of Belden 
No. 24 AWG enamel wire, while 3% turns-per-inch of No. 
24 (7X32) Belden plastic covered wire provide Z, = 100 
ohms. Each core is wound with 2 inches of the proper 
twisted pair, with min/max lengths calculated from Pitzalis’ 
data (Formulae 16, 17). 


As with all broadband transformers, the coil has an inherent 
parasitic inductance which must be capacitor-compensated 
(C5, C4, Figure 2).{1% A trim capacitor is required at the 
two input terminals, and is adjusted only once to optimize 
the differential phase shift across the symmetrical balanced 
FETs. Phase match of the hybrid structure may be tracked 
to within +2 degrees (about 180°) to 250 MHz. Effective 
resistance transformation is useful from 50 to 550 MHz 
(Figure 12) — but phase track beyond 250 MHz may show 
too much deterioration. 
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Zo =2Zo OPTIMUM 


Zo =Zo OPTIMUM 


1 
Zo = 5 Zo OPTIMUM 


.06 10 


LENGTH OF WIRE 4 (n) 


b. 


Toroid Coil Winding Data 
Figure 11 


Designing the IF Network 


The IF network performs two important functions in the 
FET balanced mixer circuit. It provides for optimum match 
between the FETs and the IF amplifier, and it effectively 
bypasses the circuit RF components (signal and local 
oscillator). 


In network design, it is essential that the RF and local oscil- 
lator signals be sufficiently isolated from the intermediate 
frequency signal to maintain rejection levels of at least 
20 dB. If this isolation is not maintained, conversion gain 
and noise figure are degraded. 


The simplest technique for design of the IF network is to 
use the well-known pi (7) match structure from each FET 
drain to a common balanced output transformer net- 
work.(17) This pi match technique is especially suitable for 
a narrow-band intermediate frequency output, serving three 
useful functions. First, it serves to achieve the proper drain 
load match between the FETs and the IF structure. Second, 
it provides the very necessary isolation of the intermediate 
frequency signal. And third, it serves as a simple filter to 
provide a monotonic decrease in impedance as frequency 
departs from the IF center frequency, f.(18, 19) This third 
function, shown in Figure 13, prevents the drain load impe- 
dance from skyrocketing out of control] and giving rise to 
distortion products. 


Selection of the dynamic drain impedance value in the IF 
network is a critical point in design of the structure. Inter- 
modulation product distortion and crossmodulation will be 
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Figure 12 


both affected by the instantaneous peak-to-peak output 


‘voltage of the FETs, if the value of the dynamic drain impe- 


dance allows these signal peaks to enter either the pinch-off 
voltage or breakdown voltage regions of the transistors.(29) 
If the impedance is too high, the dynamic range of the mixer 
will be severely limited; if the impedance is too low, useful 
conversion gain will be sacrificed. 


A first-order approximation to establish the proper load 
impedance may be obtained when 


Vpp - 2 YGS(of 
Ry = ; ) (18) 


d 


where 


v 2 
ee mm gs 
id =IDss f rae | 


and 


Vos = VcGs fe iG sin wt 


For the U310 FET, the optimum drain load impedance is 
established at slightly less than 2000 ohms, with sufficient 
local oscillator drive and gate bias determined from the con- 
version transconductance curve in Figure 5. 


The output IF coupling structure is an 800-ohm CT to 50- 
ohm trifilar-wound transformer (Relcom BT-9 or equivalent). 
The pi (7) match into this transformer provided a dynamic 
drain load impedance of 1700 ohms on each FET; excellent 


t 


DISTORTION REGION 
UNCONTROLLABLE 


ALAA GALA 
AYPASISIAS 


X\ MONOTONIC 


Pi (7) Match Filter Function 
Figure 13 
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IM performance was obtained. Value of operating Q was 
established at 10 as the best compromise to insure that the 
tolerance of the pi match components would permit the IF 
output to peak within the allowable bandwidth at the asso- 
ciated IF amplifier. A Q of more than 10 would result in a 
greatly restricted bandwidth, while a Q of less than 10 would 
result in excessively high capacitance, excessively low induc- 
tance, and unsatisfactory filter performance. 


Mixer Performance 


Tests of the operational prototype FET balanced mixer 
demonstrated that the active mixer has several characteris- 
tics superior to those of passive mixer counterparts. These 
comparisons are made in Table IV (measurements of all 
three mixers were made under laboratory conditions). 


Insertion loss measurements on the IF network amounted to 
3 dB in the center of the passband, while insertion loss on 
the hybrid assembly measured 1.2 dB. The network exhibited 
a Q of 10. Gain and noise figures were measured over the 
full 50-250 MHz bandwidth, with a single-sideband noise 
figure ranging from 7.2 dB at 50 MHz to 8.6 dB at 250 
MHz. Conversion gain was a flat +2.5 dB. 


Two-tone third-order intermodulation is expressed in terms 
of the intercept point.(21)) With two signals 300 kHz apart, 


the balanced mixer suppressed third-order products —89 dB 
with both signals at -10 dBm, representing an intercept 
point of +32 dBm. 


Table IV 


50-250 MHz Mixer Performance Comparison 


Intermodulation Intercept Point | +32 dBm |+28 dBm | +12 dBmt 
Dynamic Range 100 dB 100 dB 80 dBt 
signal when the desired signal 


+8.5 dBm] +3 dBm +1 dBmt 
first experiences compression) 


Desensitization Level 


(the level for an unwanted 


Single-sideband Noise Figure @ 
50 MHz 


T Estimated *Conservative minimum 


Figure 14 shows a comparison of third-order IM products 
emanating from both the JFET balanced mixer and a typi- 
cal low-level double-balanced diode mixer, under similar 
operating conditions. Noise figure and intercept point are 
shown at various bias and local oscillator drive levels in 
Figure 15. 


The performance of the active mixer is clearly superior to 
that of the diode mixers, contributing overall system gain 
in, areas critical to telecommunications practice, and reducing 
associated amplifier requirements. 


Comparison of 3rd Order IM Products 
Figure 14 
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MEASURED PERFORMANCE SOURCE — INJECTED MIXER 
L.O. POWER +17 dBm AND +22 dBm 
DRAIN LOAD IMPEDANCE 170022, 5000 


| 
\ 
\ 
\ “yom 
Ni etinet a 


Om OO A 
NOISE FIGURE ~G-—( - —O.. 


L.O, +17 dBm 


S.S.B. NOISE FIGURE — dB 


disp 0-1 Ny: 


“AN L.O. +22 dBm rN 


wgP — 1d3JDH3LNI YAGHO PAE 


——— Ol 


Noise Figure and Intercept Point Performance 


Figure 15 


CONCLUSION (8) 


The reason for using the three-core bifilar transformer 
(Figure 11A) in this tutorial article stemmed from the rela- 
tive analytical simplicity of such a design. An alternative (9) 


transformer is the single-core trifilar-wound design. The 
definitions for wire lengths (Equations 16 and 17) are 


(10) 


equally applicable to trifilar as they are for bifilar. 


(11) 
(12) 
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INTRODUCTION 


The Nature of VCRs 


A voltage-controlled resistor (VCR) may be defined as a 
three-terminal variable resistor where the resistance value 
between two of the terminals is controlled by a voltage 
potential applied to the third. 


A junction field-effect transistor (JFET) may be defined as 
a field-controlled majority carrier device where the conduc- 
tance in the channel between the source and the drain is 
modulated by a transverse electric field. The field is con- 
trolled by a combination of gate-source bias voltage, Vcg, 
and the net drain-source voltage, Vps. 


Under certain operating conditions, the resistance of the 
drain-source channel is a function of the gate-source voltage 
alone and the JFET will behave as an almost pure ohmic 
resistor.(1) Maximum drain-source current, Ipgs, and mini- 
mum resistance, Ipg(on); will exist when the gate-source 
voltage is equal to zero volts(Vgg = 0). If the gate voltage is 
increased (negatively for N-Channel JFETs and positively 
for P-Channel) the resistance will also increase. When the 
drain current is reduced to a point where the FET is no 
longer conductive, the maximum resistance is reached. The 
voltage at this point is referred to as the pinchoff or cutoff 
voltage and is symbolized by Vcs = VGS(off): Thus the 
device functions as a voltage-controlled resistor. 
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APPLICATION NOTE 


| FETs As 
Voltage-Controlled Resistors 


Figure 1 details typical operating characteristics of an N- 


Channel JFET. Most amplification or switching operations 
of FETs occur in the constant-current (saturated) region, 
shown as Region II. A close inspection of Region I (the un- 
saturated or pre-pinchoff area) reveals that the effective 
slope indicative of conductance across the channel from 
drain to source is different for each value of gate-source bias 
voltage.(2) The slope is relatively constant over a range of 
applied drain voltages, so long as the gate voltage is also 
constant and the drain voltage is low. 
Ueee Vacs Vesior) el OPUS CURVE 
/ 


REGION |») REGION id 
(ae 


NON-SATURATION 
REGION 


SATURATION 
REGION 


Ves< 0 


Ves—e VGsioff) 
Vp 


Vos (V) 


Typical N-Channel JFET Operating Characteristics 
Figure 1 
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Resistance Properties of FETs 


The unique resistance-controlling properties of FETs can be 
deduced from Figure 2, which is an expanded-scale plot of 
the encircled area in the lower left-hand corner of Figure 1. 
The output characteristics all pass through the origin, near 
which they become almost straight lines so that the incre- 
mental value of channel resistance, rg,, is essentially the same 
as that of d.c. resistance, rpg, and is a function of Vos?) 


Figure 2 shows extension of the operating characteristics 
into the third quadrant for a typical N-Channel JFET. While 
such devices are normally operated with a positive drain- 
source voltage, small negative values of Vpg are possible. 
This is because the gate-channel PN junction must be slightly 
forward-biased before any significant amount of gate current 
flows. The slope of the Vgg bias line is equal to AIp/AVps = 
1/tpg. This value is controlled by the amount of voltage 
applied to the gate. Minimum rpg, usually expressed as 
IDS(on)> occurs at Vos = 0 and is dictated by the geometry 
of the FET. A device with a channel of small cross-sectional 
area will exhibit a high DS(on) and a low Ings. Thus a FET 
with liigh Ipgg should be chosen where design requirements 
indicate the need for a low rpg(on)- 


Ves = 0 


N-Channel JFET Output Characteristic Enlarged Around Vps =9 
Figure 2 


Figure 3 extends the rg, characteristics of a FET to a com- 
parison with the performance of 4 fixed resistors. Note the 
pronounced similarity between the two types of devices. 


Vos = 0 


Typical rpg curves for several Siliconix N-channel JFETs 
are plotted in Figure 4.(4) The graphs are useful in estimating 
Ipg values at any given value of Vg. All quantities given in 
Figure 4 are for typical units, so some variation should be 
expected for the full range of production devices. It is there- 
for deisrable to convert Figure 4 to a normalized plot. This 


\ 


tgs — INCREMENTAL DRAIN-SOURCE RESISTANCE (ohms) 


MII 


Vgs - GATE-SOURCE VOLTAGE (V) 


Incremental Drain-Source Resistance for Typical N-Channel FETs 
Figure 4 


has been done in Figure 5. The resistance is normalized to 
its specific value at VGg = 0 V. The dynamic range of rpg 
is shown as greater than 100:1, although for best control of 
[ps a range of 10:1 is normally used. 


Siliconix offers a family of FETs specifically intended for 
use as voltage-controlled resistors. The devices are available 
in both N-Channel and P-Channel configurations (Figures 6A 
and 6B) and have DS(on) Values ranging from 20 Q to 
4,000 Q2 (Figure 7). 


Four Fixed Resistors 


Comparison of FET and Resistor Characteristics 
Figure 3 
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Tds(ON) ~ ORAIN-SOURCE ON RESISTANCE (ohms) 


fds(on) (Drain-Source Resistance at Vpg = Vg = 0) 
Varies as an Inverse Function of VGS(off) 
Figure 7 


Applications for VCRs 


The FET is ideal for use as a voltage-controlled resistor in 
applications requiring high reliability, minimum component 
size, and circuit simplicity. The FET VCR will conveniently 
replace numerous elements of conventional resistance con- 
trol systems, such as servomotors, potentiometers, idler pul- 
|leys, and associated linkage. FET power consumption is 
| minimal, packages are very small, and cost comparisons with 
| conventional control schemes are most favorable. 


A simple application of a FET VCR is shown in Figure 8, 
the circuit for a voltage divider attenuator.(9) 


Siliconix 


(a) N-channel FET (b) P-channel FET 


Circuit Arrangement for Both an N and P Channel FET 
Figure 6 


Simple Attenuator Circuit 
Figure 8 


The output voltage is 
(1) 


It is assumed that the output voltage is not so large as to 
push the VCR out of the linear resistance region, and that 
the rpg is not shunted by the load. 


The lowest value which VOUT Can assume is 
hee Vin DS(on) 
YOUT(min) ~ R + 'DS(on) 
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The highest value is Vin vate 
YOUT(max) ~ Vin (3) 
VCR 
: 4 GS 
since rpg can be extremeley large. 
A number of other FET VCR applications are shown in a 


Figures 9-16. 


VCR Phase Advance Circuit 
Figure 13 


Vin Vout 
VCR 
Ves 
+ 
Voltage-Tuned Filter Octave Range with Lowest Frequency at JFET f 


VGS(off) and Tuned by R2. Upper Frequency is Controlled by R4 
Figure 9 


VCR Phase Retard Circuit 
Figure 14 


Electronic Gain Control 
Figure 10 


-EHT 
VOLTAGE 


P-Channel VCR Photomultiplier Load. Required Low Photomulti- 
plier Anode Current (Usually < 1 uA) Implies that VCR will Always 
Perform in Linear Region Near Origin 


Cascaded VCR Attenuator Figure 15 


Figure 11 


Wide Dynamic Range AGC Circuit. No Gain through FET with Voltage Controlled Variable Gain Amplifier. The Tee Attenuator 
Distortion Proportional to Input Signal Level Provides for Optimum Dynamic Linear Range Attenuation 
Figure 12 Figure 16 
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Signal Distortion: Causes 


Figure 17A repeats the FET output characteristic curves of 
Figure 2, to show that the bias lines bend down as Vpg 
increases in a positive direction toward the pinch-off voltage 
of the FET. The bending of the bias lines results in a change 
in rpg, and hence the distortion encountered in VCR circuits; 
note that the distortion occurs in both the first and third 
quadrants. Distortion results because the channel depletion 
layer increases as Vjyg reduces the drain current, so that a 
pinch-off condition is reached when Vpg = Vgg - VGs(oft)- 
Figure 17B shows how the current has an opposite effect 


Ves = 0 


N-Channel JFET Output Characteristic Enlarged Around Vps = 0 
Figure 17A 


DIODE 

CATHODE 
WHEN SIGNAL 
SWINGS NEGATIVE 


Vout 


Figure 17B 


in the third quadrant, rising negatively with an increasingly 
negative Vpg. This is due to the forward conduction of the 
gate-to-channel junction when the drain signal exceeds the 
negative gate bias voltage. 
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Reducing Signal Distortion 


The majority of VCR applications require that signal dis- 
tortion be kept to a minimum. Also, numerous applications 
require large signal handling capability. A simple feedback 
technique may be used to reduce distortion while permitting 
large signal handling capability; a small amount of drain 
signal is coupled to the gate through a resistor divider net- 
work, as shown in Figure 18. 


VCR LINEARIZATION 
R 
1 


Figure 18 


The application of a part of the positive drain signal to the 
gate causes the channel depletion layer to decrease, with a 
corresponding increase in drain current. Increasing the drain 
current for a given drain voltage tends to linearize the Vcg 
bias curves. On the negative half-cycle, a small negative volt- 
age is coupled to the gate to reduce the amount of drain- 
gate forward bias. This in turn reduces the drain current and 
linearizes the bias lines. Now the channel resistance is depen- 
dent on the DC gate control voltage and not on the drain 
signal, unless the Vpxg =Vcgs- Vos(off) locus is approached. 
Resistors Ry and R3 in Figure 18 couple the drain signal to 
the gate; the resistor values are equal, so that symmetrical 
voltage-current characteristics are produced in both quad- 
rants. The resistors must be sufficiently large to provide 
minimum loading to the circuit: 


R> = R3 210 [Rj Iltgs (max) ||Ry] (4) 


Typically, 470K Q resistors will work well for most applica- 
tions. R, is selected so that the ratio of DS(on) [Ry to 
[(pscon) IIRL) + Ry] gives the desired output voltage, or: 


B tDS(on) IRL 
* (ps(on) IIRL) + Ry 


C5 = 


(S) 


The feedback technique used in Figure 18 requires that the 
gate control voltage, Vag, be twice as large as Vcg in Fig- 
ure 17B for the same rpg value. Use of a floating supply 
between the resistor junction and the FET gate will over- 
come this problem. The circuit is shown in Figure 19, and 
allows the gate control voltage to be the same value as that 
voltage used without a feedback circuit, while preserving the 
advantages to be gained through the feedback technique. 


Appendix A to this Application Note is an analytical approx- 
imation of VCR FET distortion characteristics, both calcu- 
lated and measured. 
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Figure 19 


Experimental Results 


Figures 20 through 23 show low voltage output character- 
istic curves for a typical Siliconix N-Channel voltage-con- 
trolled resistor, VCR7N. Bias conditions are shown both 
with and without feedback. Figure 20 shows a two-volt 
peak-to-peak signal on the Vgg = 0 V bias curve, with the 
VCR operating in the first and third quadrants. The VCR is 
operated without feedback. 


100 


Ip (uA) 
° 


-100 


-200 


-1.0 ‘pais? 0 a4 wre zio 
Vos 'V) 


VCR7N with No Feedback 
Figure 20 


Ip (uA) 
o 


-100 & 


-200 


-1.0 


VCR7N with No Feedback 
Figure 22 
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The forward-biased gate-drain PN junction may be seen at 
approximately —0.6 V, and bending of the bias curve is 
apparent in the third quadrant. The photo also demonstrates 
the comparison between a fixed resistor (the linear line 
superimposed on the bias curve) and the distortion apparent 
in the VCR without feedback compensation; the VCR signal 
is unusable with the indicated amount of distortion. 


In Figure 21, the same VCR7N FET is shown operating with 
the addition of the feedback resistors. Distortion has been 
reduced to less than 0.5%, and the characteristics of the VCR 
are now closely comparable to those of a fixed resistor. 


In Figures 22 and 23, the same VCR FET characteristics are 
shown, with Vg adjusted for higher rpg. No feedback net- 
work is employed in Figure 22, and measured distortion is 
greater than 8%. In Figure 23, the feedback resistors have 
been added and distortion has been reduced to less than 
0.5%. 
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VCR7N with Feedback 
Figure 21 
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VCR7N with Feedback 
Figure 23 
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Some degree of non-linearity will be experienced in both 
the first and third quadrants as Vcg approaches the FET 
cut-off voltage. For this reason, it is important that the 
feedback resistors be of equal value so that the non-lineari- 
ties likewise will be equal in both quadrants. Figure 24 
shows a curve of distortion vs Ry/R3, in both quadrants, 


DISTORTION — NORMALIZED 


Distortion vs R2/R3 
Figure 24 


Distortion resulting from changes in temperature are also 
minimized by the feedback resistor technique. rpg will 
change with temperature in an inverse manner to the behav- 
ior of FET drain current. Table I presents the result of VCR 
laboratory performance tests of distortion vs temperature. 
The VCR7N again was employed. Signal level was 2 V peak- 
to-peak. 


Table | 


Temperature Without Feedback With Feedback 
(°C) | FDS = DS(on) | "DS = 10 rpS(on) | "DS = ‘DS(on) | "DS = 19 TDS(on) 


+125 
+125 
- 55 


SUMMARY 


This Application Note has presented a brief description of 
the use of junction field-effect transistors as voltage-con- 
trolled resistors, including details of operation, characteris- 
tics, limitations, and applications. The VCR is capable of 
operation as a symmetrical resistor with no DC bias voltage 
in the signal loop, an ideal characteristic for many appli- 
cations. 


Where large signal-handling capability and minimum distor- 
tion are system requirements, the feedback neutralization 
technique for VCRs is an important tool in achieving either 
or both ends, 
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It has also been shown that FETs with high pinch-off voltage 
require larger drain-to-source voltages to produce drain cur- 
rent saturation. Therefore, FETs with high VGs(off) will 
have a larger dynamic range in terms of applied signal am- 
plitude, while maintaining a linear resistance. It is advanta- 
geous to select FETs with high V@go¢g) (compatible with 
the desired rpg value) if large signal levels are to be 
encountered. 


APPENDIX A — From proceedings of the IEEE, Oc- 
tober, 1968, pp. 1718-1719. 


Abstract — An analytical approximation of FET char- 
acteristics for positive and negative voltages is present- 
ed. The distortion in an application as a controlled 
attenuator is calculated, and a method of reducing 
distortion by a factor of more than 50 is described. 


Controlled resistors are used in oscillators, controlled am- 
plifiers, and attenuators.(9,7) The possible control range is 
much larger for field-effect transistors (FET) than for other 
elements with comparable time constants (e.g., diodes). The 
signal-to-noise ratio is considerably improved. 


1/2 VGs(off) 


Comparison Between Mathematical Approximation of FET Charac- 
acteristics (Solid Lines) and Measured Curves (Broken Lines) for 
a Typical N-Channel JFET 
Figure 25 


Figure 25 shows idealized and real FET characteristics. In 
region A (above pinch-off) Ip is independent of Vps:'8) 


(1) 


Region B, where Vpg <(Vgg - Vp), is the so-called triode 
region. (In the following discussion all the signs (+, -) will 
be valid for N-Channel FETs.) The characteristics can be 
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approximated by a quadratic function, of which the maxi- 
mum and asecond point (the origin) are known, The approxi- 
mation is 


This is the same function that can be found by a simple 
analysis based on semiconductor theory. The less negative 
of the two voltages across the junction(VGsg, Vgp) controls 
the channel conductance. Under the condition that the FET 
is symmetrical (drain and source interchangeable), the fol- 
lowing consideration is true. If VGp were the controlling 
voltage and Vpg < 0, Ip < 0, then the characteristics 
would be the same as in the first quadrant: 


_ 2IDss 


Vps 
-Ip = yay’ Vps (vp -Vpt = (3) 


Since the controlling voltage for both regions (B and E) is 
VGs> 


Vcp = Yes - Vps (4) 


Substituting (4) into (3), we get (2); the same approxima- 
tion can be used in B and E. The limits of region E where 
(2) is valid are Vgp = 0 and VGp = Vp. The characteristics 
in region D can be found from (1) with the same consider- 
ation: 


ey ‘ (s) 


Ip = - [pss ( Vp 


The mathematical approximation is compared with the 
measured characteristic in Figure 25. In the regions C and F 
the junction is forward biased. The characteristics are depen- 
dent on the internal resistance of the gate voltage source 
since gate current flows. 


The FET as a controlled resistor works in region B and E. 
The higher the resistance, the more non-linear are the char- 
acteristics. For most applications this is undesirable. Based 
on the simple approximation (2), the relation between distor- 
tion, control range, and maximum to minimum attenuation 
will be described for a simple voltage divider [Figure 26(a)]. 
Most applications can be based on this simple example. The 
conductance in any point of region B or E is 


6. TESS OF Ge 
DS Vps sp Vp 
IDss gpssVps 
iE > NESE RIO PERRO TT (6) 
(Vp)? eS te bas 2Vp 
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where gpg is the differential conductance at the origin; 
when Vgg = 0, then gpg = gpgg. The attenuation for the 
circuit of Figure 26(a) is 


V; 1+*Reps 


Ia Rgps 


a Repss V1 


a fn 2Rgeps V1 
2Vp igs Rgps + 2Vp (1+ Reps) a 7 Reps) 


vy V2 


(b) 


(a) Controlled JFET Attenuator. (b) Controlled Attenuator with 
“Feedback’’ Making Characteristics Linear and Symmetrical 
Figure 26 


To reduce (7) to a more tractable form, the following in- 
equality is introduced: } 
V1 Repss 


parr we Ga <a) 
2Vp [1+ Reps] 


so that (7) can now be approximated by the expansion 


V a 1- (8) 
2 1+ gpsR ih 


Only the second harmonic will be considered for the distor- 
tion since the third is much smaller. For small distortion 
(d << 1 and Rgpss ee 4 Ly 


Reps V1 
2Vp flash Rgps] 2 


___ V1 Repss i igruber es 
4 |Vpl [1 + Reps] 2 , 


If V> is held constant, 


V>R V 
ie ontvol2 REDScy sags 2 (10) 
4|Vpl [1+Rgps] 41Vp- Vgsl 
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DISTORTION (PERCENT) 
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Distortion as a Function of VGs/VGs(off) for Two Different 

V2/VGS(off): (a) Theoretical for Figure 26(a). (b) Measured with 

Circuit of Figure 26(a). (c) Measured with Circuit of Figure 26(b) 
Figure 27 


Figure 27 shows a comparison of measured and calculated 
distortion. If VGg approaches Vp, the above restrictions are 
violated; the expression for the distortion can no longer be 
applied. If Vpg <0, Vag = 0, then the FET works in region 
F; the distortion will be higher than predicted. From (10) 
we get for a prescribed maximum distortion a maximum 
amplitude as a function of Vg: 


Vamax = 4¢max |Vp - Ves! (11) 


For a given d,,,, and V5.4, the ratio of minimum to 
maximum attenuation is. 


pelt Rgpss 


V2max 
+ 
Ress 4dimax lVp| 


4dmax IVI 


V2max 


(12) 


valid only for m > 1. Note that the maximum distortion is 
reached only for minimum attenuation. Examples: 


dmax = 10 percent Vmax =0.001 Vp m= 400 


Gmax = 1 percent Von4,=0.0l Vp m= 4 


Although these relations are only first-order approximations, 
they give a good estimate of FET attenuator characteristics. 
The maximum amplitude is proportional to Vp. FETs with 
high Vp are desirable for attenuator applications. Unfortun- 
ately, the majority of commercially available FETs are made 
with low Vp for use in amplifiers. 
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There are several means of reducing distortion. By connect- 
ing two identical FETs in antiparallel or antiseries, non- 
linearities can be cancelled out to a certain extent. A better 
linearization is possible by using one FET with “‘feedback”’. 
It has been shown above that the characteristics would be 
symmetrical if VGp were the control voltage in the third 
quadrant. By adding 0.5 Vpg to the control voltage, the two 
voltage Vgg and Vgp interchange when Vpg changes sign: 


Vos = Vy t 0.5 Vps 


(13) 
Voep = Vy - 0.5 Vps 
then (13) used in (2) gives 
2IDss 
Ip = ya Vps (VH - Vp) (14) 


The resulting characteristic is linear and symmetrical in B 
and E. The improvement in distortion performance can be 
seen in Figure 27. A distortion of 12 percent for V> = 0.1 
Vp at Vog = 0.8 Vp is reduced through linearization to 0.1 
percent. Figure 26(b) shows a possible circuit. The frequency 
range of the controlled signal must be much higher than that 
of the controlling signal Vj to keep the direct interference of 
Vy on V4 small. R3 is set for minimum distortion. If V5 
and Vy, are in the same frequency range, a high impedance 
amplifier must be used. V> is at the input; the output is 
connected to the FET gate. The amplification is approxi- 
mately 0.5 (adjustable). The control voltage is introduced 
through a second input so that no direct interference with 
V > occurs. 
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DESIGN IDEA 


The FET Constant Current Source 


INTRODUCTION 


The combination of low associated operating voltage and 
high output impedance make the FET attractive as a con- 
stant current source. An adjustable current source may be 
built with a FET, a variable resistor and a small battery, 
Figure 1. For good thermal stability, the FET should be 
biased near the zero T.C. point. ! 


Field-Effect Transistor Current Source 
Figure 1 


Whenever the FET is operated in the saturated region, its 
output conductance is very low. This occurs whenever the 
drain-source voltage Vpg is significantly greater than the 
cut-off voltage VGS(off): The FET may be biased to operate 
as a constant current source at any current below its satura- 
tion current Ipgs. 


For a given device where Ingg and VGs/off) are known, the 
approximate Vqg required for a given Ip is 


fe 1/k 
Vs = YGS(off)  -(,2.) (1) 


where k can vary from 1.7 to 2.0, depending upon device 
geometry. The series resistor Rg required between source 
and gate is 


VGs 
aay (2) 
A change in supply voltage, or change in load impedance, 
will change Ip by only a small factor because of the low out- 
put conductance go¢¢. 


Alp = AVpsgoss (3) 


The value of g,., is an important consideration in the accu- 
racy of a constant current source. As goog may range from 
less than 1 umho to more than 50 umho according to the 
FET type, the dynamic impedance can be greater than 
1 megohm to less than 20K. This corresponds to a current 
stability range of 1 uA to.50 pA per volt. The value of go.. 
depends also on the operating point, being highest at Ings 
and at low Vpg. Output conductance g,., decreases approx- 
imately linearly with Ip, becoming less as the FET is biased 
toward cut-off. The relationship is 


Ip e Soss (4) 
Ipss 8 bss 
where 
Soss ~ BOss ; (5) 
when 
Ves =0 (6) 


So as Vos >VGs(oft)> Soss>Zer0- For best regulation, Ip 
must be considerably less than Ipgs. 


It is possible to achieve much lower go, per unit Ip by 
cascading two FETs as shown in Figure 2. 


Cascade FET Current Source 
Figure 2 
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Now, Ip is regulated by Qy and Vpgj = -Vgsgp. The d-c If Vo <2 Ves(ofty, the 8oss will be significantly increased, 
value of Ip is controlled by Rg and Q . However, Q; and and circuit g, will deteriorate. For example: A 2N4340 has 
Q» both affect current stability. The circuit output conduc- typical gogg = 4 umho at Vpg = -20 V and Vag = 0. At 
tance is derived as follows: Vos © -Ves(offy = 2 V; oss © 100 umho. 


Figure 2 is redrawn in Figure 3 for the condition Vgg, = 0. The best FETs for current sources are those having long 
gates and consequently very low go¢¢. The Siliconix 2N4869 
seat exhibits typical g,, = 1 umho at Vpg = 20 V. A single 
2N4869 in the circuit of Figure 4 will yield a current source 
adjustable from 5 uA to 1 mA with internal impedance 
greater than 2 megohms. 


Vds1 = -Vgs2 


= io/Goss1 


Rg = 1MQ, 2W 


Figure 3 


8fs2 


8oss1 


ig = 12 + Ves28f52 = Vds280s82 — io (7) 


Adjustable Current Source 
Figure 4 


_ YVds28o0ss280ss 1 : The cascade circuit of Figure 5 provides a current adjustable 

19 + (8) from 2 wA to 1 mA with internal resistance greater than 
8oss1 * 8fs2 

10 megohms. 


ig 
8oss1 


Vou Vdsi ?.¥ds?.7-Vds2 t 


Q; = 2N4340 
Q, = 2N4341 
Rg = 1MQ, 2W 


Boss * Boss? * 8fs2 (10) 


Va =V 
. — Zoss1 * &fs2 


2 eo 8oss 180ss2 (11) : 
© Vo Bossi * Soss2 + 8fs2 Cascade FET Current Source 
Figure 5 
BN grec 1 = fase? (12) on each circuit discussed, g,., is represented by the fol- 
owing equations: 
8oss (13) D D 


SOL 4 8fs/Boss 


When 


Rg # 0 as in Figure 2 (14) Rae Bo © Tike. 
Séfs 


Bone 


Zo = 
28oss + fs + Rg (2657 + Soss8fs + Bae) 


2 0 
(16) ¢ 


Me Soss 
Bry (1 + Rgges) 


In either case (Rg = 0 or Rg #0), the circuit output con- 
ductance is considerably less than the go, of a single FET. Boss” Bogs” 


a 


Bai Sfs ai Bfs (1 + Regge) 


In designing any cascaded FET current source, both FETs 
must be operated with adequate drain-gate voltage Vpc.- 
That is, REFERENCES 
(1) “Biasing FETs for Zero DC Drift,” Evans, L., 
VpG 7 VGSs(off), Preferably Vpg > 2 VGs(off) (17) Electrotechnology, August 1964. 
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INTRODUCTION 


A new freedom in UHF amplifier design is possible with 
high-performance “‘Super FETs” such as the Siliconix U310 
Junction FET. Typical advantages include a closely-matched 
75 ohm input for extremely low return loss in cable systems, 
and high spurious response rejection with the 3rd order IM 
intercept measured at +29 dB.) 


Additionally, the high common-gate forward transconduc- 
tance of the U310 (20,000 umho maximum) makes it possi- 
ble to design an amplifier with wide bandwidth and good 
gain, since the figure of merit (g,,,/C) of the FET is 2.35 x 
10? typical — higher than any other known UHF Junction 
FET; 


RFC, 


DESIGN IDEA 


Wideband UHF Amplifier with 
High-Performance FETs 


The amplifier circuit in Figure 1 is designed for 225 MHz 
center frequency, | dB bandwidth of 50 MHz, low input 
VSWR in a 75-ohm system, and 24 dB gain. Three stages of 
U310 FETs are used, in a straight forward design. 


Typical parameters are taken from the U310 data sheet: 


Forward Transconductance 
Input Admittance at 225 MHz 


14 mmhos 
Bigs 13 mmhos 
bigs 4 mmhos 
Bogs 0.27 mmhos 


bogs 2.6 mmhos 


Output Admittance at 225 MHz 


Vp = +20V 
C;,C4,C7,Cg = 68 pF 


C2, Cs = 500 pF 
C3,Cg, Cg = 1000 pF 
Q;,Q>. Qa = Siliconix U310 


Li, l3,bs5 
L2,b4, Le 
RFC,, RFC2 
Ri, Ro 


= 120 nHy 
= 222 nHy 
= 2.2 nHy 
=512 


Figure 1 
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Input match is simplified because the FET input (real) impe- 
dance is nearly 77 ohms. A coupling capacitor is used in the 
amplifier, rather than a tuned circuit, and thus the values 
may be determined: ; 


—--1=11.850 


Cr = 4.4 pF (Cy in Cp if Cigs) 


L, - -}— = 120 nHy 
w-Cry 


Figure 2 shows that the measured input VSWR in the 75- 
|| ohm system indicated an available bandwidth considerably 
|| greater than that required for the amplifier design criteria. 


Three cascaded synchronous single-tuned stages are used to 
achieve the desired gain, and thus stage bandwidth and Q 
are determined: (2) 


Bandwidth of 3 Stages(3) _ WLS 
Bandwidth of 1 Stage 4 ei 


and 


(3) 
ia bi 1.122 (1 dB) 
giving 

B/W (1 dB) = 98 MHz 


Q=Li15 


Blanchard Chart (Inverted Circle Impedance Chart) 
Figure 2 
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With a FET output impedance of 3700 ohms shunted by 
approximately 2.5 pF (with 0.5 pF allowed for stray capaci- 
tance), the total parallel resistance necessary to obtain the 
desired bandwidth is: 


Q = wCR; 


eee) 


cel pide LBleh CU Sel GLU DS ce RG] 
1.415 x 102 x 2.5 x 10712 


Rt 


The tank circuit impedance appearing in shunt with the FET, 
is therefore calculated to be about 365 ohms. From this, the 
inductance is: 


Re SONNE 
EP omen TELS ete 


with a turns ratio of 2.3:1 to match to 75 ohms. Since each 
stage is designed for 75 ohm input and output, three cas- 
caded stages complete the amplifier design. 


225 MHz 


200 MHz 


Figure 3 
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The computed voltage gain per stage is approximately 
Sts Re/n OF 2.22 (7 dB). Measured gain for all three stages is 
24 dB. The U310 FET in the final stage operates at Ings, 
and thus accounts for the higher measured gain. The gain/ 
bandwidth response of the amplifier is shown in Figure 3. 


The 3rd order spurious intercept point is plotted graphically 
in Figure 4%) The importance of a high intercept point 
becomes apparent in a crowded high-level area of the spec- 
trum where signal purity is of utmost priority. 
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DESIGN IDEA 


High-Performance FETs 
In Low-Notse VHF Oscillators 


Ed Oxner 


Most communications receivers are limited in their dynamic range because of saturation in the early stages of RF ampli- 
fiers or mixers. However, some receiver designs are available which overcome this limitation by using parametric amplifiers and 
converters to achieve spectacular increases in dynamic range. There still remain certain limitations in dynamic range which 
cannot be remedied by parametric devices. In these cases, the problem lies in the heterodyning of noise sidebands which ap- 
pear on the receiver local oscillator, entering the passband through strong interfering signals. 


Common Types of Noise 


Although noise is often difficult to characterize because of its random or nondeterministic nature, it is possible to differen- 
tiate various forms of noise through an understanding of the Gaussian distribution of noise about an RF carrier. Briefly stated, 
the three major forms of noise are (1) low-frequency noise (1/f); (2) thermal noise (4kTRB); and “shot” noise (ip). Further, 
| these types of noise can be identified from their relationship to the main RF carrier. For example, low-frequency noise pre- 
| dominates very close to the carrier, and falls to insignificant levels when it is displaced more than 250 Hz from the carrier. 
Low-frequency noise is associated with surface contamination and other irregularities, such as gate current leakage. 


Thermal noise plays the predominant role in the region from the 1/f decay point to approximately 20 kHz from the carrier, 
and is commonly associated with equivalent resistance where the rms value of noise voltage of the Thevenin generator becomes 
the classic (4kTBR)”. Noise appearing beyond the 20 kHz is known as Shot noise, and is directly attributable to noise current. 
Because of the typically uniform distribution of shot noise it is also referred to as “‘white noise.” 


Origins of Oscillator AM Noise 


| Although an oscillator tends to produce a wave that is nearly sinusoidal, there are other fluctuations present. When the energy 
| in the frequency domain close to the carrier is observed on a spectrum analyzer, noise appears as a modulation phenomenon. 
This observation would be greatly enhanced if the noise contribution was coherent and consisted of discrete sideband fre- 
quencies. Without a doubt, the major component of AM noise is the contribution of low-frequency noise (1/f). Both thermal 
and shot noise are relatively insignificant segments of AM noise when compared to 1/f. A graph of AM noise vs frequency 
removed is shown in Figure 1. 
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_ |, NORMALIZED NOISE 


AM NOISE (DSB) BELOW CARRIER (dBc) 
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Design of a VHF Oscillator 


The important design considerations for best oscillator performance include using a FET with high forward transconductance, 
maintaining the gate at ground potential, and keeping a high unloaded tank Q. The high transconductance is necessary to 
reduce the effective noise resistance. The grounded gate reduces the noise voltage contributions to those of the gate leakage 
current and the series gate resistance. The high tank circuit Q serves as an effective filter for the sideband noise energy. 


The oscillator design is somewhat extraordinary for a circuit employing a FET. The FET chosen was the Siliconix U310, which 
has a forward transconductance value higher than 18 mmho at zero bias (VGs = 0). The oscillator basically consists of two co- 
axial resonators, one for the FET source and the other for the drain. Oscillation is established by capacity coupling between 
the two resonators; output coupling is derived from the magnetic coupling which exists at the open ends of the resonators. 
Optimum resonator Q is achieved by designing the coaxial resonators for a characteristic impedance of 75 ohms. The oscilla- 
tor circuit is shown in Figure 2, and construction details are shown in Figure 3. 


C3 
~ 1pF (SEE TEXT) 


a4 
Siliconix U310 


1000 pF 


+VD 


Oscillator Circuit Oscillator Construction Details 
Figure 2 Figure 3 


The technique to establish the proper resonator length for the desired frequency is somewhat tricky, and requires a first-order 
approximation of the anticipated capacitive fringing which derives from both the FET and the feedback network. A short cir- 
cuited coaxial transmission line is theoretically resonant at a quarter-wave length of the resonating frequency, except for the 
effects of fringe field capacitance. At resonance 


Xv = X¢ (1) 
If the fringe capacitance is known, Xc¢ can be calculated as 
i 1 


From this, the resonator length can be determined as 
Xc = tan BL (3) 


In making these calculations, a Smith chart is invaluable, as is shown in the following illustration: 


Frequency of oscillation = 760 MHz 
FET bigs (from data sheet) = 16 mmho 
Capacitance from bigs Cgs = 3.4 pF 
Allow for stray capacitance and 
the feedback network Cs = 1.5 pF 


Thus X¢ = j 0.57 (normalized to 75 &2) 


Locate 0.57'on the Smith chart. The wavelength toward the load = 0.081 A. Since a wavelength at 760 MHz is 39.5 cm., then 
the resonator cavity length is simply 


39.5 x 0.081 = 3.20 cm (1.26 inches) (4) 
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In the completed FET coaxial oscillator circuit, the output coupling loop consists of a single turn made fast to the cavity by 
the BNC flange and the FET itself. Although the feedback network appears somewhat crude, it can be replaced by a small 
trimmer capacitor for similar 6peration. 


Conclusions 


Measured performance of the oscillator is shown-in Table IA; AM noise measurements in a 10 Hz bandwidth are shown in Ta- 
ble IB. 


TABLE IB 
TABLE IA AM Noise Measurement 
Oscillator Measured Performance @ 25°C Frequency ‘Displaced From Carrier 


VpD(V) +10 +15 +20. +25 
Ip (mA) 15 16.2 io peA Wiiaey 
Pout (dBm) SOLO ee LS. or OO) 
Frequency (MHz) 725 CAD O41 (O29 


The Reike diagram shown in Figure 4 makes possible the accurate prediction of expected power: output and operating fre- 
quency with the oscillator feeding directly into a mismatched load. Expansion of the Reike diagram to show frequency vs 
transmission line length (in degrees) will allow prediction of the long-line effect on oscillator stability. 
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Reike Diagram 
Figure 4 
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TECHNICAL ARTICLE 


INTRODUCTION 


Engineers often design FET amplifiers that are unnecessarily 
sensitive to device characteristics because they may not be 
familiar with proper biasing methods. 


One way to obtain consistent circuit performance in spite of 
wide device variations is to use a combination of constant- 
voltage and self biasing. The combined circuit configuration 
turns out to be the same as that generally used with bipolar 
transistors, but its operation and design are quite different. 


Three Basic Circuits 


Let’s examine three basic common-source circuits that can 
be used to establish a FET’s operating point (Q-point) and 
then see how two of them can be combined to provide 
greatly improved performance. The three basic biasing 
schemes are: 


© Constant-voltage bias, which is most useful for rf and 
video amplifiers employing small dc drain resistors. 


© Constant-current bias, which is best suited to low- 
drift dc amplifier applications such as source followers 
and source-coupled differential pairs. 


@ Self bias (also called source bias or automatic bias), 
which is a somewhat universal scheme, particularly 
valuable for ac amplifiers. 


The Q-point established by the intersection of the load line 
and the Vgg = -0.4 V output characteristic of Figure 1 
provides a convenient starting point for the circuit compari- 
son. The load line shows that a drain supply voltage, Vpp, 
of 30 Vand a drain resistance, Rp, of 39K 2 are being used. 


The quiescent drain-to-source voltage, VpsaQ> iS ow, 
allowing large signal excursions at the drain. Maximum input 
signal variations of +0.2 V will produce output voltage 
swings of +7.0 V — a voltage gain of 35. 


Reprinted From ELECTRONIC DESIGN, May 24, 1970, June 7, 1970. 
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FET Biasing 


James Sherwin 


Ip (mA) 


0 10 20 30 40 
Vps (VOLTS) 


Figure 1. A large dynamic range is provided by the operating point 
at Vpso = 15 V, Ipaq = 9.39 mA and Vgso = -0.4 V. The output 
characteristics are for a typical 2N4339. 


The constant-voltage bias circuit (Figure 2) is analyzed by 
superimposing a line for Vgg= constant on the transfer 
characteristic of the FET. 


+VDD—s- Vps = 15 V 


OUTPUT 


CONSTANT 


(wu)-Gy 


-1.6 -1.2 -0.8 
Ves (VOLTS) 


Figure 2. Constant-voltage bias is maintained by the VGG supply as 
shown on this typical 2N4339 transfer curve. Input signal @g Moves 
the load line horizontally. 
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The transfer characteristic is a plot of Ip vs Vgg for constant 
Vps- Since the curve doesn’t change much with changes in 
Vps; it is quite useful in establishing operating bias points. 
In fact, it is probably more useful than the output character- 
istics because its curvature clearly warns of the distortion to 
be expected with large input signals. Furthermore, when a 
bias load line is superimposed, allowable signal excursions 
become evident and input voltage, gate-source signal voltage, 
and output signal. current calculations may be made 
graphically. . 


The heavy vertical line at Vag = -0.4 V establishes the Q- 
point of Figure 1. No voltage is dropped across resistor Rg 
because the gate current is essentially zero. Rg serves main- 
ly to isolate the input signal from the Vgg supply. 


Excursions of the input signal, eg, combine in series with 
Vgs so that they add algebraically to the fixed value of 
-0.4 V. The effect of signal variation is to instantaneously 
shift the bias line horizontally without changing its slope. 
The shifting bias line then develops the output signal current 
as shown in Figure 2. 


The constant-current bias approach (Figure 3) for establish- 
ing the Q-point of Figure 1 requires a 0.39-mA current 
source. For an ideal constant-current generator, input signal 
excursions merely shift the bias line horizontally and pro- 
duce no resultant gate-source voltage excursion. This bias 
technique is therefore limited to source followers, source- 
coupled differential amplifiers, and to ac amplifiers where 
the source terminal is bypassed to ground at the sig- 
nal frequency. 


Ves (VOLTS) eg = +0.1 V PK 


SIGNAL 


Figure 3. Constant-current bias fixes the output voltage for any Rp. 
Hence, input signals cannot affect the output unless the current 
source is bypassed. 


If an ac ground is provided by a bypass capacitor across the 
current source, a vertical ac bias line will be established. 
Input signal variations will then translate the ac bias line 
horizontally, and signal development will proceed as with 
constant-voltage biasing (Figure 3). 


Should the bypass capacitor not provide a sufficiently low 
reactance at the signal frequency, the ac bias line will not be 
vertical. It will still intersect the transfer curve at the Q- 
point but with a slope equal to -(1/X¢) =-w0C (Figure 4). 
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AC LOAD LINE 
SLOPE— wC 


Figure 4. Partial bypassing of the current source (Figure 3) lowers 
the circuit gain by tilting the ac load line from the vertical. The 
capacitor drop subtracts from eg. 


This will lower the gain of the amplifier because of signal 
degeneration at the source. The input signal, eg, is reduced 
by the drop across the capacitor: 


Vos = &g — Vg = eg — igX¢ (1) 


It is clear from Figure 4 that the input signal only shifts the 
operating point by an amount equal to Voz, the effective 
input signal. As the signal frequency is decreased, the slope 
of the ac bias line decreases, causing the effective input sig- 
nal to approach zero. 


Self Bias Needs No Extra Supply 


The self-bias circuit (Figure 5) establishes the Q-point by 
applying the voltage dropped across the source resistor, Rg, 
to the gate. Since no voltage is dropped across Rg when 
Ip = 0, the self-bias load line passes through the origin. Its 
slope is given by -1/Rg. Therefore, the desired Q-point is 
established by setting -1/Rg = Ipg/Veso- 


+VpD 


OUTPUT 


SELF-BIAS DC 
LOAD LINE 


i -0.4 | | 
Ves (VOLTS) rr 


Figure 5. The self-bias load line passes through the origin with a 
slope -1/Rs. Bypassing Rg will steepen the slope and increase the 
gain of the circuit. 


Signal development is the same as in the case of the partially 
bypassed constant-current scheme except that the load line 
is a dc bias line. Signal degeneration is described by Equa- 
tion 1 with Xc replaced by Rg. The ac gain of the circuit 
can be increased by shunting Rg with a bypass capacitor, as 
in the constant-current case. The ac load line then passes 
through the Q-point with a slope - (1/Zg) = -(wC + 1/Rg). 


5-59 


C-OLVL 


TA70-2 


The circuit is biased automatically at the desired Q-point, 
requires no extra power supply and provides a degree of cur- 
rent stabilization not possible with constant-voltage biasing. 


A fourth biasing method, combining the advantages of con- 
stant-current biasing and self biasing, is obtained by combin- 
ing the constant-voltage circuit with the self-bias circuit 
(Figure 6). A principal advantage of this configuration is 
that an approximation may be made to constant-current 
bias without any additional power supply. The bias load line 
may be drawn through the selected Q-point and given any 
desired slope by properly choosing Vg. (The bias line inter- 
cepts the Vg axis at Vcq.) The larger Vag is made, the 
larger Rg will be and the better will be the approximation 
to constant-current biasing. 


+VpD 
Rp 
OUTPUT 
eg 
RG Rs 
+VGG a 
a b c 


-1.6 -1.2 -0.8 -0.4 0 +0.4 +0.8 +1.2 +1.6 
Ves (VOLTS) VGG 


Figure 6. All three combination-bias circuits are equivalent. They 
add constant-voltage biasing to the self-bias circuit to establish a 
reasonably flat load line without sacrificing dynamic range. 


All three circuits in Figure 6.are equivalent. Circuit 6(a) 
requires an extra power supply. The need for an additional 
supply is avoided in 6(b) by deriving Vgq from the drain 
supply. R; and R» are simply a voltage divider. To maintain 
the high input impedance of the FET, R; and R» must 
both be very large. 


Very large resistors cannot always be found in the exact ratio 
needed to derive the desired Vgg in every circuit applica- 
tion, Circuit 6(c) overcomes this problem by placing a large 
Rg between the center point of the divider and the gate. 


| This allows R, and R» to be small, without lowering the 


input impedance. 


One point of caution worth remembering is that as Vgq is 
increased, Vg increases, and Vpg decreases. Therefore with 
low Vpp, there may be a significant decrease in the allow- 
able output voltage swing. 
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Biasing for Device Variations 


The value of the combination-bias technique becomes ap- 
parent when one considers the normal production spread of 
device characteristics. The problem is illustrated in Figure 7 


Ip (mA) 


Vps (VOLTS) 


Ip (mA) 


Vps (VOLTS) 


Figure 7. The wide variations in device performance shown by this 
pair of output characteristics make clear the disadvantages of con- 
stant-voltage biasing. 


where two limiting sets of output characteristics, represent- 
ing the actual min-max spread of the Siliconix 2N4339, are 
presented. Limiting characteristics like these are not nor- 
mally available. Even if they were, however, they'd be of 
little help in establishing operating points suitable for all 
devices with output characteristics lying between the two 
extremes. The problem is much more easily approached by 
using the set of limiting transfer characteristics of Figure 8. 
(See next page.) 


Attempting to establish suitable constant-voltage bias condi- 
tions for a production spread of devices is practical only for 
circuits with very small-values of dc drain resistance — for 
example, circuits with inductive loads. As the constant- 
voltage bias plot of Figure 8 reveals, constant gate bias causes 
a significant difference in operating Ipg for the extreme 
limit devices. At Vgg = -0.4'V, the range of Iq is 0.13 to 
0.69 mA, and Vpgq for a given Rp will vary greatly for 
most resistance-loaded circuits. For the example of Figure 1, 
with Rp = 39K Q and Vpp = 30 V, Vpgo varies from near 
saturation (5 V) to 25 V. 


An apparently excellent method of biasing is the constant- 
current method of Figure 3. Biasing in this manner fixes the 
operating drain current for all devices and sets Vygqg to 
Yop - IpaRL for any device in the production spread. 
Vgg automatically finds a value to set the appropriate 
Ipg = constant for all devices. For the constant-current 
bias plot of Figure 8, with Ing = 0.39 mA, Veg would 
range from —0.11 to -0.67 V. 
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Vgs (VOLTS) VGG = 0.4V 


Ves (VOLTS) 


-0.8 
Vgg (VOLTS) 
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Figure 8. The advantages of combination biasing, when one is working with a spread of device characteristics, are made obvious by plotting 
the load lines for the various types of biasing on a pair of limiting transfer curves. 


Output characteristics are not needed as long as Ing is 
chosen to be below the minimum Ipgg. With Rp = 39K 2 
and Vpp = 30 V, Vpso is 14.8 V for all devices. 


The disadvantages of the constant-current method are that 
it allows no signal to be developed unless the current source 
is bypassed and, as we shall see, it lacks the flexibility to 
provide constant gain despite variations in the forward 
transconductance, g¢,, of the devices. 


The self-bias scheme is a reasonable choice for single-ended 
dc amplifiers and for ac amplifiers. In unbypassed or de cir- 
cuits, some compromise must be made between the gain 
loss due to current feedback degeneration and the advantage 
of current stabilization achieved with high Rg. 


An appropriate choice of Ipg limits can be made by using 
the pair of limiting transfer curves. For example, for Rg = 
1K Q, the load line shown on the self-bias curve of Figure 
8 is established. The maximum Ip is 0.52 mA, and the min- 
imum Ip is 0.24 mA. The operating range of Vpsq may be 
calculated for any value of Vpp and Rp. Clearly, for 
Rp = 39K Q, the maximum-limit device (device B) would 


operate with Vpsq = 9:8 V and the minimum-limit device 
| (device A) would operate with VpsQ= 20.6 V. This results 
| in fairly satisfactory operation for all devices. However, such 
i a variation in Ing imposes severe limitations on the cir- 
cuit design. | 


'| A better approach is illustrated by the combination-bias 
| curve of Figure 8 with Vog = 1.2 V. The range of Ing for 
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this bias condition is 0.25 mA to 0.32 mA. A similar mini- 
mum difference in Ipg could be achieved with Rg = 6K Q 
and Vag = 0, (a self-bias condition) but the operating points 
would be pushed toward the toe of the transfer characte ris- 
tics and allowable signal input would be reduced. 


The upper load line allows v,, = +1.8 V (limited by Ipgga), 
while the lower line allows a Ygs of only +0.7 V (limited by 
VGS(off)A): (The subscript letters A and B refer to the min- 
imum and maximum devices, respectively.) The combination 
circuit allows almost ideal operation over the full production 
spread of devices. Even with Rp = 62K Q2, the Vopgq would 
range only between 10 and 15 V. 


For this circuit, Rp should be chosen to allow the largest 
output signal swing for Ipg midway between the two 
extremes of 0.25 and 0.32 mA; namely 0.285 mA. Setting 
the voltage drop across Rp at one-half of (Vpp - 
2VGS(off)ty p) or 14 V, yields Rp = (14 V/0.285 mA) = 
49K QQ. 


It is helpful, in any design, to know the effect of tempera- 
ture variations on the transfer curves and transconductance 
characteristics. Ideally, minimum and maximum transfer 
characteristics would be plotted at three temperatures: 
above, below, and at room temperature. Then the design 
would take all types of variation into account. 
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Minimize the Gain Variations 


Leaving Rg unbypassed helps reduce gain variations from 
device to device by providing degenerative current feedback. 
However, this method for minimizing gain variations is only 
effective when a substantial amount of gain is sacrificed. 


A better approach is to use the combination-bias technique 
with the bias point selected from the transfer and transcon- 
ductance curves (Figure 9). 


(wu) Gy 


-1.6 -1.2 -0.8 | I 0 
Ves (VOLTS) f y 


(Qq7) S36 


Figure 9. Gain variations are minimized when the load line is de- 
signed to intersect the pair of limiting transfer curves (top) at points 
of equal gg, (bottom). 


As Figure 9 shows, it is possible to find an Rg and a Vag 
that will set Inga and Ipgp to values so that g¢.q will be 
the same for both devices. The g¢.g of all intermediate 
devices will be approximately equal to the limiting values. 
Thus, a constant, or nearly constant, stage gain is obtained 
even with a bypass capacitor. 


The design procedure is as follows: 


Step 1, Select a desired IDQA below Ipngsa- A good 
value, allowing for temperature variations, is 
60% of Ipngga- This will allow for decreasing 
Ipsg due to temperature variation and for 


reasonable signal excursions in load current. 


Step 2. Enter the transfer curves at IDg ME 
0.6 Ipgsa (0.3 mA) to find VGSQA: This 


Vosoa = 0.2 V for the 2N4339. 


Drop vertically at VGSQA to the minimum 
limit transconductance curve to find gr.ga- 
The value as read from the plot is approxi- 
mately 1000 umho. 


Step 3. 


Step 4. Travel across the gr, plot to the maximum 
curve to find Vgsgp at the same value of 
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Step 5. Travel vertically up to the maximum limit 
transfer curve to find Ingp at VGsQB- This 
is Ingp = 0.36 mA. 

Step 6. Construct an Rg bias line through points 


Qa and Qp on the transfer curves. The slope | 
of the line is 1/Rg, and the intercept with the 
Vag axis is the required Vag. 


As Figure 9 demonstrates, it may be somewhat inconvenient 
to perform Step 6 graphically. An algebraic solution can then 
be employed instead. The source resistance is given by 


Rg = (Vgsaa - Ycsas)/Cpas - !ba@a) (2) 


and the bias voltage is 


Vac = Rs Ipap + Ycses (3) 


Care should be taken to maintain the proper algebraic signs 
in Equations 2 and 3. (For n-channel FETs, Vgg is negative 
and Ip is positive. For p-channel units, the signs are reverse d.) 


If the transconductance curves of Figure 9 are not available, 
gp, can be determined by simply measuring the slope of the 
transfer curve at the desired operating point. Just place a 
straight-edge tangent to the curve at the Q-point and note 
the points at which it intercepts the Ip and VGg axes. The 
slope and ge, are given by: 


slope = g¢s = Ip(intercept)/ — VGS(intercept) G 
Pp 


In designing a constant-gain circuit, simply set the straight- 
edge tangent to the transfer curve of device A at point Qa 
and slide it, without changing its slope, until it is tangent to 
the curve of device B. The tangency point isQp. — 


Designing Without Output Curves 


Although the transfer characteristic has been seen to be 
extremely valuable in designing a bias circuit, it cannot be 
used to graphically establish Vpsa- However, if a set of out- 
put curves is not available, Vpso can be determined or 
selected from the transfer curve by using the follow- 
ing procedure: 


Step 1. Establish Rg and limiting values of Ipa> 


Vesa and SfsQ from the transfer curve. 


Step 2. Establish Vpp as available, but in no case 
greater than BVcgsg nor less than several 
times Vog(oft)- There are special cases where 
Vpp will be below this limit, but in no case 
should instantaneous vgg be allowed to fall 
below 2 x VGS(off) if minimum distortion is 


to be achieved. 


Step 3. Set Vpsq approximately midway between 
Vpp and 2 x VGS(off): lower if large output 


signals will not be handled. 


Step 4. Select Rp to give the appropriate Vpgo. The 


formula is: 


Rp = [(Ypp - Vpsq)/0-5 Ipaa * Ipgs! -Rs (5) 
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In the example of Figure 8, this procedure would have © 


yielded Vpgq = (30-3)/2 = 13.5 V and Rp = (30 - 13.5)/0.5 
(0.52 + 0.24) mA - 1K 2=42.5K Q. 


Check to ensure that with this Rp, device B 
is not in a saturated condition — VDOB = 


Vpp - IpBq Rp > 2Vescort) + Rs IpBa- 


Step S. 


Decrease Rp if this condition is not met. 


| An alternate method, that selects Rp to provide a specified 
voltage gain, follows Steps 1 and 2 above and then proceeds 
as follows: 


Step 3. Determine required stage gain, A,, and set 
Rp = Ay/ EfsQ- 

Calculate Vpgo to ensure that the criteria 
of Step 2 are not violated: 


Step 4. 


Vpsq = Vpp - (Rp* Rs) Ipg (6) 
Step 5. If necessary, change Ipag: Vpp> Ay and/or 
Rp to obtain an optimum compromise. #® 


FET SOURCE-FOLLOWER CIRCUITS 


Too little knowledge of biasing methods for FET amplifiers 
sometimes keeps engineers from making maximum use of 
FETs in circuit designs. The common-drain amplifier, or 
source follower, is a particularly valuable configuration; its 
| high input impedance and low output impedance make it 
very useful for impedance transformations between FETs 
and bipolar transistors. 


’ +Vpp 


By considering 10 circuits, which represent virutally every 
source-follower configuration, the designer can obtain con- 
sistent circuit performance despite wide device variations. 


There are two basic connections for source followers: with 
and without gate feedback. Each connection comes in 
several variations (Figure 10). Circuits 10(a) through 10(e) 
have no gate feedback; their input impedances, therefore, are 
equal to Rg. Circuits 10(f) through 10(k) employ feedback 
to their gates to increase the input impedance above Rg. 


Before getting into the details of bias-circuit design, note 
several general observations that can be made about the 
circuits of Figure 10: 


@ Circuits a, d and f can accept only positive and small 
negative signals, because these circuits have their 
source resistors connected to ground. The other cir- 
cuits can handle large positive and negative signals 
limited only by the available supply voltages and 
device breakdown voltage. 


Circuits c, d, e, h, j, and k employ current sources to 
improve drain-current (Ip) stability and increase gain. 


Circuits d, e and k employ FETs as current sources. 
In circuit d, Q» must have a lower cut-off voltage, 
VGS(off)> and a lower zero gate-voltage drain current, 
Ipss, thanQ;. ” 

Circuits e, g, h and k employ a source resistor, Rg, 
which may be selected to set the quiescent output 
voltage equal to zero. 


Circuits e and k use matched FETs. Rg is selected to 
set Ip near the specified low-drift operating current. 
The input-output offset is zero. 


+VpD 


Figure 10. Virtually every practical source-follower configuration is represented in this collection of ten circuits. The configurations in the 
top row do not employ gate feedback; the corresponding ones in the bottom row do. 
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Biasing Without Feedback is Simple 


The no-feedback circuits of Figure 10 (circuits 10(a) through 
10(e) use simple biasing techniques (see the earlier article). 
Circuit 10(a) is a self-bias configuration; the voltage drop 
across Rg biases the gate (which draws essentially zero cur- 
rent) through resistor Rg. Since no gate-to-source voltage, 
Vas, can be developed when Ip = 0, the self-bias load line 
passes through the origin (Figure 11). For the 2N4339 FET, 
whose limiting transfer characteristics are used throughout 
this article, the quiescent drain current is seen to lie between 
about 0.25 and 0.55 mA when a 1K {2 source resistor is 
used. The quiescent output voltage lies between +0.25 and 
+0.55 V. 


15 


0.8 


(yu) Oy 


0.4 


-1.6 -1.2 -0.8 -0.4 0 
Ves (VOLTS) 


Figure 11. Self biasing (Figure 10a) uses the voltage dropped across 
the source resistor, Rg to bias the gate. The load line passes through 
the origin and has a slope of —1/Rs. 


Circuit 10(b) is another example of source-resistor biasing 
with a -Vgg supply added. The advantage over circuit 10(a) 
is that the signal voltage can swing negative to approxi- 
mately ~Vgg. Two bias lines are shown in Figure 12, one for 
Vgg = -15 V and the other Vgg = -1.6 V. For the first case, 
the quiescent output voltage lies between +0.18 and +0.74 V. 
For the second, it lies between +0.3 and +0.82 V. 


-1.6 -1.2 -0.8 -0.4 0 +0.4 +0.8 +1.2 +1.6 
Ves (VOLTS) 


Figure 12. Adding a Vgg supply to the self-bias circuit (Figure 10b) 
allows it to handle large negative signals. The load line’s intercept 
with the Vgs-axis is at VGsg = —Vsgs. Bias lines are shown for 
Vss = -15 V and Vss = -1.6 V. 


The bias load line for circuit 10(c) is just a horizontal line 
(Ip = constant). The quiescent output voltage is between 
+0.15 and 0.7 V for Ip = 0.3 mA. 


Circuit 10(d) is similar to 10(c) except that the Vag = 0 out- 
put characteristic of FET Qo is used as a current source. As 
seen in Figure 13, Q does not supply constant current when 
its Vg gets very small. This technique should therefore be 
used only to bias FETs whose Vggv off) is significantly high- 
er than the equivalent VGgoff) Of the current-source 
FET diode. 
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Figure 13. FET Q2 doesn’t behave like an ideal current source when 
its Vpg gets very small (Figure 10d). Therefore, Q1 should have a 
significantly larger VGs(off) than Q2 does. 


A pair of matched FETs is‘used in the circuit of Figure 10(e), 
one as a source follower and the other as a current source. 
The operating drain current (Ipg) is set by Rg, as indicated 
by the load line of Figure 14. The drain current may be any- 
where from 0.20 to 0.42 mA, as shown by the limiting 
transfer characteristic intercepts; however, Vag; = Vgs2 


because the FETs are matched. 
1.5 


0.8 
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Figure 14. This load line is set by Rgg and Q2 which acts as a cur- 
rent source (Figure 10e). If its components are properly matched, 
the circuit will have zero or near-zero offset. 

Since Ip; = Ip2 and Vgg1 = Vggz, choosing Rgy = Rgo 
will ensure that the voltage from point A to B equals the 
voltage point from point C to D (Figure 10(e) ). This source 
follower, therefore, exhibits zero or near-zero offset. If the 
FETs are temperature-matched at the operating Ip, the 
source follower will exhibit zero or near-zero tempera- 
ture drift. 


Biasing With Feedback Increases Zjn 


Each of the feedback-type source followers (Figure 10(f) 
through 10(k) ) is biased by a method similar to that used 
with the nonfeedback circuit above it. However, in each 
case, Rg is returned to a point in the source circuit that 
provides almost unity feedback to the lower end of Rg. If 
Rg is chosen so that Rg is returned to zero de volts (except 
in circuit 10(f), then the input/output offset is zero. Rj is 


' usually much larger than Rg. 
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Circuit 10(f) is useful principally for ac-coupled circuits. Rg 
is usually much less than R, to provide near-unity feedback. 
The bias load line is set by Rg (Figure 15). The output load 
line, however is determined by the sum of Rg + Ry. The 
feedback voltage Vez, measured at the junction of Rg and 
Rj, is determined by the intercept of the Rg + Ry load line 
with the Vcgg axis. The quiescent output voltage is 


VeB ~ YGs- 


-0.8 -0.4 
Ves (VOLTS) 


Figure 15. The bias load line is set by Rs but the output load line is 
determined by Rs + Ri when gate feedback is employed (Figure 
10f). The feedback Vp is determined by the intercept of the 
Rg + Rq load line and the VGs axis. 


In the circuit of Figure 10(g), Rg can be trimmed to provide 
zero offset. As the curves show (Figure 16), Rg will be 
between 670 ohms and 2.5K Q. Rg is much less than R}. 
The source: load line intercepts the Vog axis at Vgg = 
-VGG =-I5V. é 


Rg+R7=50K Voce =-15V 


-1.6 F -0.8 ; : +0.8 +1.2 +1.6 
Ves (VOLTS) 


Figure 16. Rs can be trimmed to provide zero offset at some point 
between 670 ohms and 2.5K Q2 (Figure 10g). The source load line 
intercepts the VGsg axis at Vgs = VGG = -15 V. Note that this load 
line’is not perfectly flat. It has a slope of —-1/50K, because the cur- 
rent source is not perfect; it has a finite impedance. 


Circuit 10(h) is almost the same as 10(g); the difference is 
that resistor R, is replaced by a current source. Since an ideal 
current source has infinite impedance, the bias curve of 
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circuit 1(h) differs from that of Figure 10(g) (Figure 16) in 
that the load line is perfectly flat. In Figure 16 the load line 
is almost, but not quite, flat; it has a slope of -1/50k. 


Circuit 10(G) is similar to 10(h) except that the output is 
taken from the top of Rg to reduce the output impedance. 
Rg must be trimmed if the circuit is to work at all properly. 


In Figure 17, the constant-current load line represents a 
0.3-mA current source, and the effect of a 1K Q source 
resistor is shown. The offset voltage is seen to lie between 
0.2 and 0.75 V. The intercept of the Rg load line and the 
Vag axis sets the voltage at the junction of Rg and the cur- 
rent source (Vpp). For Rg = 1K Q, Vpp will be between 
-0.1 V and +0.45 V. Since Vep appears at the gate, it must 
be zero if the dc input impedance of the circuit is to 
be preserved. 


-0.8 
Ves (VOLTS) 


Figure 17. If Rs is not trimmed so that the load line passes through 
the origin, a voltage will appear at the gate causing a reduction in dc 
input impedance. The incremental input impedance will not 
be affected. 


This can be done by trimming Rg, as shown dashed in Fig- 
ure 17. The biasing then becomes the same as for cir- 
cuit 10(h). 


Biasing for circuit 10(k) is identical to that for circuit 10(e) 
(Figure 14) except that feedback is added to raise the input 
impedance.aa 
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For convenience this chart offers the designer circuit values for a variety of commonly used J-FET amplifiers. 


Amplifier Design Chart 
(Cs for 3 dB Point at 50 Hz) 
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. Upper case letters indicate DC voltages and currents. 
2. Lower case letters indicate AC voltages and currents. 
. Subscripts can refer to the terminals used in the measurements, i.e., VG = Gate Voltage; or simply help define the sym- 
bol, i.e., tf = Fall Time, tp = Rise Time. 


. Triple subscripts are used for terminal references only. The first subscript is the object terminal. The second subscript is 
the common terminal. The third gives the condition of the remaining terminal(s). S = Short, 0 = open and X = neither 
open nor short (refer to the test conditions). Example: BVGss = Breakdown Voltage from gate to source with the drain 
shorted to the source. 


= Common-Gate Forward Susceptance Csb = Source-Body Capacitance 
= Common-Source Forward Susceptance = Source-Drain Capacitance 
Common-Gate Input Susceptance = Source-Gate Capacitance 
Common-Source Input Susceptance = Drain 
= Common-Gate Output Susceptance = Equivalent Short Circuit Input Noise Volt- 
age 
= Common-Source Output Susceptance 


= Figure of Merit 
= Common-Gate Reverse Susceptance 


= Gate 


= Common-Source Reverse Susceptance 
sot} 


= Common-Gate Forward Transconductance 
= Drain-Gate Breakdown Voltage 
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=Common-Source Forward Transconduc- 
= Drain-Source Breakdown Voltage tance 


= Drain-Source Breakdown Voltage Ifso = Common-Source Forward Transconduc- 
tance @ Vac =0 


= Gate 1 to Source Breakdown Voltage 
Ofs1/9fs2 = Common-Source Forward Transconduc- 
= Gate 2 to Source Breakdown Voltage tance Ratio 
= Gate-Source Breakdown Voltage Gig = Common-Gate Input Conductance 
= Source-Drain Breakdown Voltage Dis = Common-Source Input Conductance 


= Source-Gate Breakdown Voltage Jog = Common-Gate Output Conductance 


= Drain-Body Capacitance Sos = Common-Source Output Conductance 


= Common Source Output Conductance @ 
V Goma 


= Drain-Gate Capacitance Joss 


= Gate-Body Capacitance 
9os1-Jos2 = Differential Output Conductance 


= Gate-Drain Capacitance 


Gpg = Common-Gate Power Gain 


= Gate- Source Capacitance 
Gps = Common-Source Power Gain 
= Common-Source Input Capacitance 
ID(off) = Drain Cutoff Current 
= Common-Source Output Capacitance 
ID(on) = Drain ON Current 
= Common-Source Reverse Transfer Capaci- 
tance IDGO = Drain-Gate Leakage 
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Glossary of Terms and Abbreviations (Cont'd) 


IDss = Saturation Drain Current td(on) = Turn-On Delay Time 
Ipss1/lpss2 = Saturation Drain Current Ratio = Fall Time 
= Forward Current j - = Junction Temperature 
= Gate Operating Current = Turn-Off Time 


1G1G2 = Gate to Gate Leakage Current = Turn-On Time 


llg1-lG2l = Differential Gate Operating Currents = Lead Temperature 


IGBsS = Gate to Body Leakage Current = Rise Time 
1G(f) = Gate Forward Current = Storage Temperature 
IGss = Gate Reverse Current = Body Voltage 


lGiss = Gate 1 to Source Leakage Current = Body Supply Voltage 


IG2ss = Gate 2 to Source Leakage Current @ Riain-V oltags 


V = Drain Supply Voltage 
IG1SSR = Gate 1 to Source Reverse Leak age Current ee 


VpbS(on) = Drain-Source ON Voltage 
IG2SSR = Gate 2 to Source Reverse Leakage Current 
VG = Gate Voltage 
= Equivalent Open-Circuit Noise Current 
VGG = Gate Supply Voltage 
= Pinch-Off Current 
VGS = Gate-Source Voltage 


= Noise Figure ; 
I\VGs1-VGsa2l = Differential Gate-Source Voltage 


= Continuous Power Dissipation AV6Ss = Differential Gate-Source Voltage 


= Peak Operating Voltage AlVgs1-Vgs2! : 
——————- = Differential Gate-Source Voltage Change 


rds(on) = Drain-Source ON Resistance eu Witan temperature 


VGs(f) = Gate-Source Forward Voltage 
rDS(on) = Static Drain-Source ON Resistance 


VGS(th) = Gate Threshold Voltage 
Re (Y fg) = Common-Gate Forward Transconductance 


Vv = Gate Source Cutoff Voltage 
Re (Y¢s) = Common-Source Forward Transconduc- GS(off) 


tance VG1S(off) = Gate 1 to Source Cutoff Voltage 


Re (Yig) = Common-Gate Input Conductance 
VG2s(off) = Gate 2 to Source Cutoff Voltage 
Re (Yjs) = Common-Gate Output Conductance 


Vv = Source Voltage 
Re (Yqgs) = Common-Source Output Conductance S : 


Re (Yrqg) = Common-Gate Reverse Transconductance Vss = Source Supply Voltage 


Re (Yrs) = Common-Source Reverse Transconduc- 
tance 


= Common-Source Input Resistance 


= Dynamic Impedance 
= Knee AC Impedance 
= Source = Current Temperature Coefficient 


= Delay Time = Junction to Ambient Thermal Resistance 


= Turn-Off Delay Time = Junction to Case Thermal Resistance 
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Introduction 


Siliconix is committed to your future system designs. As a multinational semiconductor manufac- 
turer, we offer some of the industry’s broadest product lines. No one gives you more analog 
switch ICs and power FETs to choose from. Our multiple technologies include DMOS, VMOS, 
CMOS, PMOS, PMOS/bipolar and bipolar. And we are constantly advancing semi-custom state-of- 
the-art technology. 


MOSPOWER FETs 


MOSPOWER identifies the ‘up front” technology that places Siliconix among the leaders in 
power device development for the 1980’s, and has helped make Siliconix the Discovery Company. 


MOSPOWER is a generic name coined by Siliconix to identify not only Siliconix’s expanding fam- 
ily of medium and high power MOSFETs, but a// power MOSFETs. The name also covers the many 
technologies used in the manufacture of these power MOSFETs which have been identified by 
various trade names. Vertical DMOS (double-diffused MOS); metal-gate V-groove MOS for high-fre- 
quency; lateral DMOS technology for FET arrays — all are covered by this generic name: 
MOSPOWER. 


RF POWER FETs 


MOSPOWER shadow-mask vertical technology is used to manufacture the only true power MOS 
transistors. The technology enables their use as RF broadband amplifiers in the 2MHz to 200MHz 
region, providing output powers from 2 to 120 watts. Devices are available for 12.5V or 28V opera- 
tion and in a variety of packages to. suit different needs. They offer the advantages of high stage 
gain, low baseband noise and immunity to burn-out due to mismatch. The latest addition is the 
35V single-side-band 2-30MHz series. 


Analog Switch ICs 


Siliconix JFET, MOSFET and Integrated Circuit (IC) technologies have been utilized to produce an 
extensive family of Analog Switch ICs. They are used in many high-reliability military and aero- 
space applications such as Mercury, Gemini, Apollo and Skylab manned space programs. The 
family of analog switch ICs includes monolithic multi-channel switches with integral drivers. Also 
high performance JFET switches packaged with IC drivers offering very low ON-resistance, fast 
switching, excellent frequency response (DG180 series); low spike feed-through, low leakage and 
high OFF-isolation (DG281); low cost, single or dual supply operation (DG308, DG211); low con- 
sumption CMOS switches (DG300 series) and multiplexers with up to 16 channels (DG506A). The 
recent addition to the range of analog switch ICs is the Plus-40 enhanced DG5040 series with 
guaranteed safe operation up to 44V, and DG243Cu, the dual make-before-break equivalent of the 
DG5043CJ. 


LSI/Linear Circuits 


Siliconix is an industry leader in telecommunications circuits, A/D conversion and micropower 
linears. The Company’s LSI or linear ICs are incorporated in products ranging from sophisticated 
instrumentation to consumer smoke detectors. Advanced processing capabilities used in the 
manufacture of such ICs range from high and low voltage CMOS to bipolar-PMOS. High reliability 
processing procedures combined with volume production capabilities complement state-of-the- 
art products. 
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Introduction 


Introduction (Cont'd) 


Telecommunications 


Siliconix is a high-technology manufacturer of complex, highly specialized integrated circuits for 
the telecommunications industry. The current product lines use the CMOS process to satisfy the 
low power requirements of the telecom industry. Our Loop Disconnect Dialer Circuits offer sub- 
scribers push-button dialing privileges even with exchange systems presently tied to the rotary 
dial pulse timing. 


High-Reliability Devices 


Siliconix’s capability in providing high-reliability devices to meet stringent military or aerospace 
applications is amply demonstrated by the Company’s qualifications as a supplier for important 
European projects that include Ariane, Concorde, European Airbus, the Alpha Jet and Tornado 
Aircraft, also Apollo, Viking and Voyager space projects. 


Siliconix has a number of standard Hi-Rel screening options that can be applied to standard prod- 
ucts. These options include screening to BS9000 for analog switches and CECC standards for 
FETs, also MIL-STD-750 for discrete FETs. In addition, Siliconix offers certain JEDEC-registered 
FETs with JAN, JANTX and JANTXV processing, as well as an increasing number of QPL-listed 
analog switches. Special additional inspections and controls can be met and Siliconix can supply 
SEM-qualified products to meet individual customer requirements. 
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= 
Packages: 
S 


BVpss 
(Volts) 
600-650 


450-500 


350-400 


TO-3 


VNTOO8A 
6A, 1.50, 650V 


VNPOO6A 
20A, 0.39, 500V 


IRF450 
13A, 0.40, 500V 


IRF440 
8A, 0.850, 500V 


VNPOO2A* 
6.5A, 1.50, 500V 


VN5001A/IRF430 
4.5A, 1.50, 500V 


IRF420 
2.5A, 30, 500V 


VNMOO05A 
25A, 0.20, 400V 


IRF350 
15A, 0.30, 400V 


IRF340 
10A, 0.559, 400V 


VNMO001A* 
8A, 1.00, 400V 


VN4000A/IRF330 
5.5A, 1.00, 400V 


Prime Products Selector Guide 


VNTOO8D 
6A, 1.50, 650V 


IRF840 
8A, 0.852, 500V 


VN5001D/IRF830 
4.5A, 1.50, 500V 


IRF820 
2.5A, 30, 500V 


IRF740 
10A, 0.550, 400V 


VN4000D/IRF730 
5.5A, 1.00, 400V 


IRF720 
3A, 1,80, -400V 


MOSPOWER 
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MOSPOWER Selector Guide _ siienix 
N-Channel MOSPOWER_ 


Breakdown Ip Power Part 
Device Voltage Continuous Dissipation N bor r 
(Volts) (Watts) pattie 


VNTOO8A 
VNTOO9A 


VNSOO8A 
VNSOO9A 


VNPOO6GA 
IRF450 
IRF452 
IRF440 
IRF440 
VNPOO2A * 
VN5001A 
IRF430 
VN5002A 
IRF432 
IRF420 
IRF422 


VNNOO6A 
IRF451 
IRF453 
IRF441 
IRF443 
VNNOO2A * 
VN4501A 
IRF431 
VN4502A 
IRF433 
IRF421 
IRF423 


VNMOO05A 
IRF350 
IRF352 
IRF340 
IRF342 
VNMO01A* 
VN4000A 
IRF330 
VN4001A 
IRF332 
IRF320 
IRF322 


VNLOO5A 
IRF351 
IRF353 
IRF341 
IRF343 
VNLOO1A * 
VN3500A 
IRF331 
VN3501A 
IRF333 


IRF321 

VNJOO4A 
IRF250 
IRF252 


IRF240 
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MOSPOWER Selector Guide (Contd) 
N-Channel MOSPOWER (Cont'd) | 


Breakdown Ip. Power 
Device Voltage (areas) Continuous Dissipation Neo 
(Volts) ( (Amps) (Watts) 


IRF242 
IRF230 
IRF232 
IRF220 
IRF222 


VNGOO4A 
IRF251 
IRF253 
IRF241 
IRF243 
IRF231 
IRF233 
IRF221 
IRF223 


VN1200A 
VN1201A 


VNEO03A 
IRF 150 
IRF152 
IRF 140 
IRF 142 
VN1000A 
IRF130 
VN1001A 
IRF132 
IRF120 
IRF122 


2N6658 
VN9OIVAA 
VN9IDAA 


VNO800A 
VNO801A 


VNCO03A 
IRF151 
IRF 153 
IRF 141 
IRF143 
VNO600A 
VNO601A 
IRF131 
IRF 133 
IRF121 
VN64GA 
IRF123 
2N6657 
VN67AA 


VNO400A 
VNO401A 


2N6656 
VN35AA 


0.22 
0.4 
0.6 
0.8 
2 


0.06 
0.085 
0.12 
0.18 
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MOSPOWER Selector Guide (Contd) 
N-Channel MOSPOWER (Cont'd) 


Breakdown : Ip Power 
Device Voltage (Once) Continuous Dissipation mer al 
(Volts) (Amps) (Watts) 


x 
ron) 


VNTOO8D 
VNTOO9D 


VNSOO08D 
VNSOO9D 


IRF840 
IRF842 
VN5001D 
IRF830 
VN5002D 
IRF832 
IRF820 
IRF822 


IRF841 
IRF843 
VN4501D 
IRF831 
VN4502D 
IRF833 
IRF821 
IRF823 


IRF740 
IRF742 
VN4000D 
IRF730 
VN4001D 
IRF732 
IRF720 
IRF722 


IRF741 
IRF743 
VN3500D 
IRF731 
VN3501D 
IRF733 
IRF721 
IRF723 


VN2406D 


IRF640 
IRF642 
IRF630 
IRF632 
IRF620 
IRF622 


VN1706D 


IRF641 
IRF643 
IRF631 
IRF633 


IRF621 
VN1200D 
VN1201D 


VN1206D 
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MOSPOWER Selector Guide (Cont'd) 
N-Channel MOSPOWER (Cont'd) 7 


Breakdown 
Voltage 
(Volts) 


Power 
Dissipation 


(Watts) 


ID 
Continuous 
(Amps) 


~ Part 


Device Nunbar 


(one) 
(Ohms 


IRF540 
IRF542 
VN1000D 
IRF530 
VN1001D 
IRF532 
IRF520 
IRF522 


VNO800D 
VNO801D 
VN88AD 
VN89AD 


MOSPOWER Selector Guide 


TO-220AB 


Geme s hehaee B 
o-oo oO 


IRF541 
IRF543 


VNO600D 
VNO0601D 
IRF531 
IRF533 
IRF521 
IRF523 
VN66AD 
VN67AD 


VNO400D 
VN0401D 
VN46AD 
VN40AD 


VNO300D 


VN88AF 
VN89AF 
VN80AF 


VN66AF 
VN67AF 


VN46AF 
VN40AF 


6.25 VN2406B 
6.25 VN1706B 
6.25 VN1206B 
25 IRFF130 
25 IRFF132 
20 IRFF120 
20 IRFF122 


15 VNEO10B* 
15 VNEO11B 


6.25 2N6661 
6.25 VN99AB 
6.25 VN90AB 


15 VNDO10B* 
15 VNDO11B 


— — — — A) NO 


BBO OO PATO IO) OF 9) == SE SS AN SEP OIA NON POO Ss 


SL Ss) a BD ODA OWE 
OMNoO]l\Y COnm= Oo 


A 
TO-202AA 


Bo. HO 


240 6.0 
170 6.0 
120 6.0 


100 0.18 
100 0.25 
100 0.3 
100 0.4 
100 0.5 
100 0.5 


/ 90 4.0 
! 90 4.5 
90 5.0 


TO-39 80 0.5 
80 0.5 
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MOSPOWER Selector Guide (Continued) 
N-Channel MOSPOWER (Continued) 


Breakdown Power 
Device Voltage (Onen} EN sh Dissipation aiye hart 
(Volts) ( hms} pes (Watts) Number 


REST 


IRF 133 
IRFF121 
; IRFF123 
; ; VNCO10B* 
3 VNCO11B 
2N6660 
VN67AB 


2N6660 


VN35AB 


: ; ; VN10KE 
; : VN10LE 
-52 


SPIND 40199/9S YAMOdSOW 


VN2406M 
VN2410M 


VN1706M 
VN1710M 
VN1206M 
VN1210M 


VNO808M 
VNO606M 
VN10KM ** 
VN10LM 


VN2222KM ** 
VN2222LM 


VNO0300M 


; VN2406L 

. VN2410L 

VN1706L 

: VN1710L 

. VN1206L ** 

VN1210L ** 
ie : VNO610L 


VN2222L 
VNO3OOL 


; VQ1006P 
. : VQ1004P 
: VQ1000P 
, : VQ1001P 


14-Pin Dual-in-Line 
(Side Braze) 


: ; VQ1006J 
; ; VQ1004J 
: ‘ VQ1000J 
; : VQ1001J 


ahi Mapet sth Line 
Plastic) 


on 


on 


on 


TO-237 


© 99999 9 9999 990 
SN MPMMOWWH W HYOWNHW NW 
oo o 


* Low VGS(TH) ** Zener Protected Gate 
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P-Channel MOSPOWER 


Breakdown Ip Power Part 
Device Voltage (ones) Continuous Dissipation _ es 
(Volts) (Ohms (Amps) (Watts) amor 


75 1RF9130** 
75 |RF9132** 


15 Po) le 
ris) IRF9133** 


|IRF9530** 
|IRF9532** 
IRF9520** 
IRF9522** 


IRF9531** 
IRF9533** 
IREG521"* 
IRF9523** 


—_ — 
THON WHON 


(eee) (om (Sons) (©) 


MOSPOWER Selector Guide 


VP1008B 
6.25 VP0808B 
VP0300B 


VP1008M 
1.0 VP0808M 
VP0300M 


VP1008L 
— 80 5.0 0.37 0.4 VPO808L 
VPO300L 


— 90 5.0 VQ2006P 
— 60 5.0 VQ2004P 
— 30 2.0 VQ2001P 
14-Pin Dual; In- yr 
(Side Braze) 
— 90 5.0 VQ2006J 
— 60 5.0 VQ2004J 
— 30 2.0 VQ2001J 


A eane feat: a Line 


** Available 4th Qtr. 1983 
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MOSPOWER Selector Guide (Cont'd) 
N- and P-Channel Quad MOSPOWER 


Breakdown Ip Power 
Device Voltage (Ones) Continuous Dissipation Part 
(Volts) (Ohms (Amps) (Watts) Number 


30 1 et 1:3 VQ3001P 

20 0% Hi 1.3 VQ7254P 
eae ne 

30 Os Oo: is VQ3001J 

20 Oke -0. 1.3 VQ7254J 


14-Pin Dual-In-Line 
(Plastic) 
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NOTES: 
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MOSPOWER 


Commercial/Industrial Process Flow!” 


(1) 
(2) 
(3) 
(4) 


Level - 4 
(Burn In) 


Preseal Inspection 
Siliconix Standard 
MOSPOWER Visual 
Criteria 


Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 


Fine Leak 
Method 1071 
Condition G or H (5) 


AQL 1% 


AQL 1% 


Gross Leak 
Method 1071 
Condition Cj (5) 


Electrical Test 
100% to 
25% Static Parameters 


HTRB Burn-in 
Method 1039, Condition B 
96 Hr. @ 150°C 


Electrical Test 
100% to 
25° C Static Parameters 


Quality Conformance 
25° C Static 0.65% AQL 
External Visual AQL 1.5% 


Level — 1: U.S. Build, U.S. Test. 


Level — 2: Overseas Build, U.S. Test (Screening & QCI). (6) Physical Dimensions Excluded. The latest revision of MIL-STD-883 is applicable. 


No Read & Record, No Deltas. 
Group B and C testing is additional. 


(5) Hermetic Only. 


Level - 6 
(Standard Product Flow) 


Preseal Inspection 
Siliconix Standard 
MOSPOWER Visual 
Criteria 


Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 


Fine Leak 
Method 1071 
Condition G or H (5) 


AQL 1% 


AQL 1% 


Gross Leak 
Method 1071 
Condition Cy (5) 


Electrical Test 
100% to 
25% Static Parameters 


Quality Conformance 
25° C Static 0.65% AQL 
External Visual AQL 1.5% 


(7) Levels 1 thru 6: Latest revision of MIL-STD-750 is applicable. 
(8) Level 7: Latest revision of MIL-STD-883 is applicable. 


Siliconix 


Level - hn (2) 
Level - 2 


Preseal Inspection 
Method 2072 


Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 


Temperature Cycle 
Method 1051 
Condition C or F 


Constant Acceleration 


Method 2006 (5) 
Fine Leak 
Method 1071 (5) 


Gross Leak 
Method 1071 
Condition C 


Electrical Test 
100% to 
25 C Static Parameters 


HTGB Burn-in 


Method 1039, Condition A 


48 Hr. @ 150 C 


Electrical Test 

100% to 

25 C Static Parameters 
Read & Record 


HTRB Burn-in 


Method 1039, Condition B 


168 Hr. @ 150°C 


Electrical Test 

100% to 

25 C Static Parameters 
Read, Record & Deltas 


Quality Conformance 
25 C Static LTPD =5 

-55°C Static LTPD = 5 

150°C Static LTPD = 5 


25°C Dynamic LTPD =5 


External Visual LTPD = 5 


MOSPOWER 
Military/Hi-Rel: Process Flow!) (7) (6) 


Level - 3 


Preseal Inspection 
Method 2072 


Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 


Fine Leak AQL 1% 
Method 1071 


Condition G or H (5) 


AQL 1% 


Gross Leak 
Method 1071, 
Condition C (5) 


Electrical Test 
100% to 
25°C Static Parameters 


Quality Conformance 
25°C Static LTPD = 5 
-55°C Static LTPD = 5 
150°C Static LTPD = 5 
25°C Dynamic LTPD = 5 
External Visual LTPD = 5 


Level - 5 


Preseal Inspection 
Method 2072 


Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 


Temperature Cycle 
Method 1051 
Condition C or F 


Constant Acceleration 
Method 2006 (5) 


Fine Leak 
Method 1071 
Condition G or H (5) 


Gross Leak 
Method 1071 
Condition C 


Electrical Test 
100% to 
25°C Static Parameters 


HTGB Burn-in 
Method 1039, Condition A 
48 Hr. @ 150 C 


Electrical Test 
100% to 
25 C Static Parameters (3) 


HTRB Burn-in 
Method 1039, Condition B 
168 Hr. @ 150°C 


Electrical Test 
100% to 


25°C Static Parameters (3) 


Quality Conformance 
25 C Static 0.65% AQL 
External Visual AQL 1.5% 


(5) Hermetic Only. 


Multi Chip Side Braze 
Level-7 


Preseal Inspection 
Method 2017 
Condition B 


Stabilization Bake 
Method 1008, Condition C 
150 C, 24 Hr. 


Temperature Cycle 
Method 1010, 
Condition C 


Centrifuge 
Method 2001, Condition E 


Fine Leak 
Method 1014 
Condition AorB 


Gross Leak 
Method 1014 
| Condition C 


Electrical Test 
100% to 
25 C Static Parameters 


Burn-in 
Method 1015 
¥25)'G, 260 Fir, 


Electrical Test 
100% to 
25° C Static Parameters 


Quality Conformance 
Group A 
Method 5005 


External Visual 
Method 2009 
100% 


SMO|4 SS800ld [OY-IH/AIDUIIIW 


NOTES: (1) Level —1: U.S. Build, U.S. Test. 
(2) Level — 2: Overseas Build, U.S. Test (Screening & QCI). 
(3) No Read & Record, No Deltas. 
(4) Group B and C testing is additional. (8) 


(6) Physical Dimensions Excluded. The latest revision of MIL-STD -883 is applicable. 
(7) Levels 1 thru 6: Latest revision of MIL-STD-750 is applicable. 
Level 7: Latest revision of MIL-STD-883 is applicable. 
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n-channel enhancement- 
mode RF Power FETs 
designed for... 


BENEFITS 


Infinite VSWR 

No Thermal Runaway 
Broadband Capability 

Class A, B C, D, or E Operation 
Low Noise Figure 

High Dynamic Range 

Simple Bias Circuitry 
S-Parameter Design 


RF Power FETs Selector Guide 


*All parts tested at 20:1 VSWR. 
Note: See application notes AN80-4, AN80-6. 
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RF Power FETs Selector Guide 


HF/VHF/UHF Amplifiers Class A, B, 
C, D or E. High Dynamic Range Amp 


12.5 Volt DC — 300 MHz Series 


Rated Power Out Min. Gain 
Test Frequency* (Watts) (dB) éJc 
Part Number (MHz) @ 12.5Vpc 12.5V, 175 MHz Min. BVpss (°C/W) 

DV1202S 175 2.0 10.0 45 17.6 
DV1202W 175 2.0 10.0 45 14.1 
DV1202Z 175 2.0 10.0 45 17.6 
DV1205S as. 5.0 10.0 45 8.8 
DV1205W 175 5.0 10.0 45 7.0 
DV1205Z 175 5.0 10.0 45 8.8 
DV1210S 175 10.0 10.0 45 4.4 
DV1210W 175 10.0 10.0 45 a0 
DV1210Z 175 10.0 10.0 45 4.4 
DV1220S 175 20.0 10.0 45 2.2 
DV1220W 175 20.0 10.0 45 1.8 
DV1230T ine 30.0 9.5 45 a tis 
DV1230W uO 30.0 9.3 45 1.2 
DV1240T 175 40.0 9.0 45 1.1 
DV1240U Aco 40.0 8.6 45 1.1 
DV1240W V5 40.0 9.0 45 0.9 
DVIZ60T =) bmn Z5 pepe 6005 | 180 | ioe 


ORDERING INFORMATION 

DX XX XXX X 

Package Code 

Power Output (Watts) 


Suggested Operating 
Voltage 


Product Code 


iF 


PACKAGE CODES 


380SOEF 
500JOF 
5OO0OSOEF 
Push-Pull 

C-220 Standard 
280SOE 


NS<CHO® 


Siliconix 


RF Power FETs Selector Guide (Conta) 
28 Volt DC — 300 MHz Series 


Rated Power Out Min. Gain 


Test Frequency* * (Watts) (dB) 6Jc 
Part Number (MHz) 28V, 175 MHz Min. BVpss (°C/W) 

DV2805S 175 17.6 
DV2805W 175 14.1 
DV2805Z 175 17.6 
DV2810S nae) 10 10 80 8.8 
DV2810W 175. 10 10 80 7.0 
DV2810Z 175 10 10 80 8.8 
DV2820S 175 20 10 80 4.4 
DV2820W 175 20 10 80 a0 


DV2820Z 


DV2840S 
DV2840W 


DV2880T : 
DV2880U 175 80 10 80 1] 
DV2880W 


DV28120T 
DV28120U 


VMP4 
*All parts tested at 20:1 VSWR. 


28 Volt Push-Pull — DC-300 MHz Series 


éJc 
Test Test Gps (Min.) Thermal 
Frequency Voltage Pin (Max.) Pout @ 28V Power Gain Impedance 
Part Number (MHz) (Vps) (Watts) (Watts) (dB) (°C/W) 


DV2880V 
DV28120V 


100 Volt DC — 300 MHz Series 


Rated Power Out 


(Watts) 
@ 12.5Vpc 


Min. Gain 
(dB) 
12.5V, 175 MHz 


Test Frequency* 
(MHz) 


Part Number 


DVD030S 
DVD150T 


Min. BVpss 
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Siliconix 


Analog Switches Selector Guide 
Application | perant Suggested Switches 


1) Low Power Low Supply 
Current ~ 


CMOS DG304-DG308, DG304A, 
DG307A, DG309 
DG300-DG303, DG381-DG390, 
DG300A-DG303A, DG381A-DG390A 


2) Minimum Number | Only One or Two CMOS DG300-DG308A, 
Battery Operated of Power Supplies | Supplies Needed DG300A-DG307A, DG309 
or Battery Back- (Can Also Be Used As Single Supply) 
Up Supply CMOS DG211, DG200A, 
DG201A, DG202, DG212 
(For MUX: DG506-DG509, 
DG506A-DG509A, DG528, DG529) 
3) Low Standby Low ay CMOS DG304-DG308A, DG211, 
Power ay DG304A-DG307A, DG309, DG212 


1) Low Signal . Low rps(on); JFET is Constant, JFET DG180-DG191 

Distortion Constant rps(on) | 'DS(on); Signal CMOS DG300-DG308A, DG381-DG390, 
Range Limited DG300A-DG307A, DG309, 

Toward Negative DG381A-DG390A, DG5040-DG5045 
Supply; DG243 (Make-Before-Break) 

CMOS Slight rpsion) 
Variation, Full Signal 


CMOS DG300-DG308A, DG381-DG390, 
DG300A-DG307A, DG309, 
DG381A-DG390A, DG5040-DG5045, 
DG243 

JFET DG180-DG191 


3) Wide Signal +15V Signal CMOS DG300-DG308, DG381-DG390, 
Range Range DG300A-DG307A, DG309, 
DG381A-DG390A, DG5040-DG5045, 
DG243 
CMOS DG200, DG200A, DG201, 


2) Low Noise Low rps(on) 
(Channel) 


DG201A, DG202, DG211, DG212 
(MUX: DG506-DG509, DG506A- 
DGS509A, DG528, DG529) 


JFET (752) DG182, DG185, DG188, 
DG191 
(102, 302) Remainder of 
DG181-DG190 Family 


Signal Range is 
From the Positive 
Supply to Above 
the Negative 
Supply 


Higher rps(on) 
(Must Stay Above 

Negative Supply By 
5V to 7.5V) 


CMOS DG304-DG308A, 
DG304A-DG307A, DG309 
DG300-DG303, DG381-DG390, DG211, 
DG300A-DG303A, DG381A-DG390A, 
DG212 


Higher rpsion) JFET (302, 752) DG181, DG182, DG184, 
DG185, DG187, DG188, DG190, DG191 

CMOS DG200, DG201, DG211, DG200A, 
DG201A, DG202, DG212 

CMOS DG300-DG308A, DG381-DG390, 
DG300A-DG307A, DG309, DG381A- 
DG390A, DG5040-DG5045, DG243 


JFET (102) DG180, DG183, DG186, 
DG189 
(302) DG181, DG184, DG187, 
DG190 
CMOS DG300-DG308A, DG211 
DG300A-DG307A, DG309, DG212 


4) Large Dynamic 
Range 


Wide Signal 
Range and Low 
Thermocouple 

Noise 


1) High OFF 
Impedance, Small 
Feedthrough of 
Signal 


High OFF 
Isolation 


Video 
(High Frequency) 


2) Good Impedance Lower OFF Isolation 
Matching, 
Minimum Signal 
Drop Across 


Switch 


Low rpS(on) 


Bold Print = Recommended for the application 
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Analog Switches Selector Guide (Conta) 
Application Suggested Switches 


1) Low Droop Rate Low Leakage Higher ON CMOS DG300A-DG307A, DG300, DG309 
Resistance DG381A-DG390A 
CMOS DG300-DG308A, DG381-DG390, 
DG5040-DG5045 
JFET DG180-DG191 
CMOS DG211, DG200A, 
DG201A, DG202, DG212 


2) Low Sample to 
Hold Offset 


Low Charge 
Coupling 


Higher ON 
Resistance 


CMOS DG200A, DG201A, DG202, 
DG212, DG211 
JFET DG181, DG182 
(302, 752) DG184, DG185, 
DG187, DG188, DG190, DG191 
CMOS DG300-DG308A, 
DG300A-DG307A, DG309 


Sample and Hold 


Low ON 
Resistance 


JFET (102) DG180, DG183, DG186, 
DG189 
(302, 752) Remainder of DG181- 
DG191 Family 
CMOS DG300-DG307, DG381-DG390, 
DG300A-DG307A 
CMOS DG211, DG212 
CMOS DG381A-DG390A, DG200A, 
DG201A, DG202 


CMOS DG300A-DG307A, 
DG381A-DG390A 

CMOS DG300-DG307, DG381-DG390, 
DG5040-DG5045, 
DG211, DG200A, DG201A, DG212 


CMOS DG200A, DG201A, DG202, 
DG212 

CMOS DG211 
DG300-DG307, DG381-DG390, 
DG300A-DG307A, DG381A-DG390A 


1) Best Performance | Monolithic CMOS DG211, DG212, DG303, DG309, 
for Lowest Cost Good Switch DG308A, DG300-DG307, DG5040-DG5045 
Low Cost Performance DG381-DG390, 
DG200A, DG201A, DG202, 
DG300A-DG307A, DG243, 
DG381A-DG390A 


3) Fast Acquisition 
Speed 


Higher Leakage 
Higher Charge 
Coupling 


Analog Switches Selector Guide 


1) Low Error Voltage | Low Leakage 


Switching to High 
Impedance Inputs | 5) Low Switching Low Charge 


Transient Error Coupling 
Voltage 


Military System _ | 1) Hi-Rel Specified Aue eauaer BS9000 


JM38510/XXXXX 
1) Good Matching of 


CMOS DG300, DG302, DG303, DG304, 

Switch DG243, DG306, DG307, DG308A, 
Parameters DG381, DG384, DG390, DG309 
CMOS DG211, 

DG5040-DG5045, DG300A, DG302A, 

DG303A, DG304A, DG306A, DG307A, 

DG309, DG381A, DG384A, DG390A, 

DG200A, DG207A, DG202, DG212 


JFET DG183, DG184, DG185 


Monolithic Switch 


Differential Signal 


Switching 2) Low Thermo- 


couple Offset 
Voltage 


Drain and Source | JFET Switches Not 
of FET Switchin | Monolithic 


Close Proximity 
CMOS DG304, DG306, DG307, DG308A 
| DG304A, DG309 
DG300-DG303, DG300A-DG303A, 
DG306A, DG307A, DG381-DG390, 
DG381A-DG390A, DG309 


on Small Chip 


Low Power Dissi- 
pation on Switch 
Driver 


Bold Print = Recommended for the application 


Fez Siliconix 


Analog Switches Selector Guide (Conta) 
Application Suggested Switches 


1) Low Noise Low 'pS(on) Higher Leakages JFET (102) DG180, DG183, DG186, 

(Channel) DG189 
; (302, 752) Remainder of 
DG181-DG191 Family 

2) Low Charge CMOS DG300A-DG307A, DG309, 

Coupling DG381A-DG390A, DG212, DG308A 
CMOS DG300-DG308, DG381-DG390, 
DG211 


3) High Impedance Low Leakage Higher rps(on) CMOS DG300-DG308A, DG381-DG390, 
DG211, DG5040-DG5045, DG243, DG309 
DG200-DG201 
JFET DG181, DG182, DG184, DG185, 
DG187, DG188, DG190, DG191 
CMOS DG300A-DG307A, DG309, 
DG381A-DG390A, DG212 


Inputs of Load 

' Low Power Switch CMOS DG304-DG307, 
DG304A-DG307A, DG381A-DG390A 
DG300-DG303, DG381-DG390, 
DG300A-DG303A 
Drain and Source JFET DG180-DG190 Family 
of FET Switch in 
Close Proximity 
on Small Chip 


Small Signal 
(<1V) 


4) Low Thermo- 
couple Offset 
Voltage 


@PINgd 10}Va]eg SeYydIMS Hojpuy 


1) Break-Before- 
Make Switching 


2) Binary Controlled | Binary Decoding 
Logic Inputs Stage on Chip 
Multiplexing 3) Differential Multi- | Dual Switching 

plexing Action 


4) D/A Conversion Binary Weighted 
ON Resistance 
and Channel 
Resistance to 
Minimize Error 


Bold Print = Recommended for the application 


ton is Greater CMOS DG506, DG506A, DG507, 
DG507A, DG508, DG508A, DG509, 


DGS509A, DG528, DG529 (Latchable) 
PMOS DG501, DG503 


CMOS DG507, DG509, DG507A, 
DGS509A, DG529 


NMOS DG515, DG516 
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iconix 


Ss 


7224 


Drivers and Gates 


Analog - 

Msibn) Voltage Switening 
; ime 
(us) 


ton _toFF 


DGM111 
DG133 
DG134 
DG141 
DG151 
DG152 
DG180 


| *DG181 
*DG182 


-*DG200A 


DG281 
*DG300 
*DG381 
*DG304 
*DG5041 


Plus-40 


Four Channel SPST 


*DG172 150-450 
*DG201A 175 


CMOS 
Plus-40 


CMOS 
Plus-40 
CMOS 
Plus-40 
CMOS 
Plus-40 


CMOS 
Plus-40 
CMOS 
Plus-40 


CMOS 
Plus-40 
CMOS 
Plus-40 


Five Channel SPST 


DG201HS 50 


DG221 


*DG202 


*DG211 


*DG212 


*DG308A 


| *DG309 


One Channel SPDT 


DG143 
DG144 
DG146 
DG161 
DG162 
DG186 


*DG187 


*DG188 


DG287 


Siliconix 


Analog Switches Product Information 


pai25 | pmos|1o04s0[ 20 [os 20 | o | os 46] 10 -20 5 | 


*Devices recommended for new designs are indicated in bold face type. 


Opt. Sup Voltage 
V) 


CH) 
Sup. Sup. 
Vier M2 


Logic 
Sup. 


V\ Comments 


See DG181 For New Design 
See DG182 For New Design 
See DG180 For New Design 
See DG180 For New Design 
See DG181 For New Design 
Break-Before-Make 

15V Supplies 
Break-Before-Make 

15V Supplies 
Break-Before-Make 

15V Supplies 


Break-Before-Make 


CMOS compatible 
Break-Before-Make 


—--+-+0-+-0 oooocoo0oT-7-+_++_+0 


| Super Fast Switch 
with input latches 


Single Supply Operation 


Single Supply Operation 


(Note 4) 
(Note 4) 
(Note 4) 
(Note 4) 
(Note 4) 


See DG188 For New Design 
See DG187 For New Design 
See DG186 For New Design 
See DG186 For New Design 
See DG187 For New Design 


(Note 5) 5 Break-Before-Make 
(Note 5) 5 15V Supplies 
(Note 5) 5 Break-Before-Make 
(Note 5) 5 15V Supplies 
(Note 5) 5 Break-Before-Make 
(Note 5) 5 15V Supplies 
(Note 5) 5 Break-Before-Make 


7-22 
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Analog Switches Product Information 


Analog Switches Product Information (Conta) 


Drivers and Gates (Cont'd) 


Opt. Sup. Voltage 
Switching Logic fv) 
Time Input | Logic Levels| (+) (-—) Logic 
(us) for ON (V) Sup. Sup. Sup. 
ton torr | Switch | VinL VINH| V1 V2 V| Comments 


*DG301 If (Note 5) 
*DG387 : (Note 5) : 
*DG305 : (Note 5) 4 CMOS compatible 


$13002 - : (Note 5) : 
*DG5042 : (Note 5) : : Break-Before-Make 


DG189 - : (Note 5) ; : Break-Before-Make 
; (Note 5) f ; 15V Supplies 
*DG190 : A ; (Note 5) Break-Before-Make 
: ; (Note 5) : : 15V Supplies 
*DG191 - : , (Note 5) f t Break-Before-Make 
; (Note 5) : : 15V Supplies 
*DG243 . (Note 5) y : Make-Before-Break 
Plus-40 
DG290 N-JFET : (Note 5) : : Break-Before-Make 
*DG303 CMOS : (Note 5) 
*DG390 CMOS : (Note 5) : “ 
*DG307 CMOS ; (Note 5) : : CMOS compatible 


*DG5043 | CMOS ‘ (Note 5) ij y Break-Before-Make 
Plus-40 


Break-Before-Make 


Two Channel DPST 


DG126 
DG129 
DG140 
DG153 
DG154 
DG183 


See DG185 For New Design 
See DG184 For New Design 
See DG183 For New Design. 
See DG183 For New Design| 
See DG185 For New Design 
Break-Before-Make 
15V Supplies 
Break-Before-Make 
15V Supplies 
Break-Before-Make 
15V Supplies 
Break-Before-Make 


*DG184 
*DG185 


DG284 
*DG302 
*DG384 
*DG306 
*DG5045 


One Channel DPDT 


CMOS compatible 
Break-Before-Make 


ee ee ee a ee a a a a a a a 2 
J annnaaaga | 


(Note 4) : : See DG191 For New Design 
(Note 4) ; : See DG190 For New Design 
(Note 4) , 3 See DG189 For New Design 
(Note 4) ; See DG189 For New Design 
(Note 4) 4 : See DG191 For New Design 


PMOS | 150-250 10 (Note 8)| (Note 7) , : Logic Pullup Resistors 
PMOS | 150-800 20 (Note 8)| (Note 7) 


“Devices recommended for new designs are indicated in bold face type. 


7-23 Siliconix 


Analog Swiiches Product Information (Contd) 


| Drivers and Gates (Cont'd) 


Analog ‘ ; 
Voltage Switching Logic 
Range Time Input | Logic Levels (-—) Logic 
(p-p V) (us) for ON (V) . Sup. Sup. 

tON toFF | Switch | VinL VINH V2 Vi Comments 


Opt. ial it bhi 


*DG508A 1.0 (Note 8) 


*DG528 1.0 (Note 8) ; y With Input Latches 
Plus-40 


$13705 PMOS ae (Note 8) : ! See DG501/No Pullup 
Resistors 


Break-Before-Make 


*DG509A| CMOS 1.0 (Note 8) : ; Break-Before-Make 
Plus-40 


*DG529 CMOS 1.0 (Note 8) } : With Input Latches 
Plus-40 


Eight Channel Differential MUX + Enable 


*DG507A Oe 1.0 (Note 8)} (Note 7)| .0.8 2.4 15 -15 — Break-Before-Make 
Plus-4 


Four Channel SPDT D/A Converter Summing Node Switches 


NMOS | See 0.120 0.170] (Note5)|] 05 7.5| 80 0 — | Ry=6.252, Ro=125Q, 
Com- Rg = 252, R4=50Q 
ments 


Ten Channel SPDT D/A Converter Summing Node Switches 


NMOS | See 0.120 0.170 | (Note5);} 0.5 7.9 |" 8:0 0 — Ry = 1002, Ro = 2002 
Com- R3 = 4002, R4 = 8002 
ments Rs = 16002 
Re-10 = 32002 


UOL|DUIOjU] NPOAg SseUurdIMS Hojpuy 


Multiple FET Switches 


Siliconix P-Channel MOSFET & DMOS Switches are available for such applications as sequential switching (com- 
mutation), signal processing, modulation, and A-to-D conversion. The MOSFET is normally OFF. These devices are 
also available with Siliconix drivers in a single package. 


Circuit Function 


Basic 
Part 
Number 
(Note 2) 


G115 
G118 
G119 
G122 
| G123 
*SD5000 
*SD5001 
*$D5002 
*S$D5200 


Cgs Cds Csb 

Pull Up rpgMax. (V) Is(off) VGS(th) Typ. Typ. Typ. 

Switch Type OnGate @Vs=+10V @Vs=-10V BVpss (nA) Min. Max. (p (pF) (pF) 

SP6T Yes 100 450 -30 ONS WLIAES Mowe a On? WOR RRC! 
SP6T No 100 450 -30 05 -1.5 -4.0 
DP3T Yes 100 450 -30 0.5 1,5: 024.0 
DPDT Yes 100 450 -30 0.5 » 9=1.5 940 
2x SPDT Yes 100 450 -30 0.5 2] 1:50 =4.0 
4x SPST No 50 20 10.00.00 WARE 2D 
4x SPST No 50 10 AO On 2.0 
4x SPST No 50 15 40.0; 0°01 20 
4x SPST No 80 30 1000 0.5 2.0 


hRARR RADA O| NOMOWCONW 
PRRPRRM MND PP 


RRRARMODYDY =~ =-|MNZ—PVWS 
PPRRAHNYOWOO| MMA’GO 


*Devices recommended for new designs are indicated in bold face type. 


Siliconix 7-24 


Analog Switches Product Information 


analog switches. 


Basic 


Part 


Number 
(Note 2) 


D125 


Si7250 


¥=25 


Basic 


Part 
Number 


(Note 2) 


PWM25 


PWM125 


PWM127 


Drivers for MOS FET Switches 


These drivers were designed to function as a level shifter and buffer between low level logic and the control gate of FET 


Output voltage rati 


Function 
and 
Uses 


Six Separate 
MOSFET 
Drivers 


Four Channel 
(BV = 50) 
MOSFET 
Driver with 
Decode 


Dual High- 
Speed Drivers 
with Comple- 
mentary Out- 
puts designed 
to drive high- 
capacity loads. 


Quad High 
Speed Driver 


Quad High | 
Speed Driver 


3.0V@40mA 


ngs are as high as 50V. 


OFF Level 
V(ouT)OFF 
at 
Rated Current 


or 
at '(oUT)OFF 
Rated at 
Current(s) 


0.4V@5mA 


1.2V@1mA 1.1V@1mA 


2.5V@40mA 


2.0V@200mA 
0.2V@10mA 


2.0V@200mA 
0.2V@10mA 
VpDpD -0.2V 


@10mA 


Pulse Width Modulators 


Function 
and 
Uses 


Pulse Width 
Modulator for 
SMPS to drive 
NPN or N chann 
MOSPOWER 
Devices 


Pulse Width 
Modulator for S 
SMPS to drive 


Operating Freq. 


10Hz-400kHz 
with Dead Time 
Adjust 

el 


10Hz-400kHz 
with Dead Time 


PNP or P channel 


MOSPOWER 
Devices 


Pulse Width 
Modulator for 
SMPS to drive 

N channel MOS- 
POWER Devices 


Pulse Width 
Modulators for 
SMPS to drive 

P channel MOS- 
POWER Devices 


10Hz - 800kHz 
with 100ns Dead 
Time 


10Hz - 800kHz 
with 100ns Dead 


Output & 
Comple- 
ment 
Available 


VOL 


. @ Rated Current 


0.4V @ 20mA 
2.5V @ 100mA 


0.4V @ 20mA 
2.5V @ 100mA 


0.4V @ 20mA 
2.5V @ 100mA 


0.4V @ 20mA 
2.5V @ 100mA 


Siliconix 


Optimum Supply 
Voltage 


(V) 


15 -15 
Nts) -15 


VOH 
@ Rated Current 


V+ —2V@20mA 
V+ —3V@100mA 


V+ —2V@20mA 
V+ —3V@100mA 


V+ —2V@20mA 
V+ —3V@100mA 


V+ —2V@20mA 
V+ —3V@100mA 


Switching 
Time{us) 
ton torr 


0:57" 1.2 


0.25 0.8 


Supply Voltage 


+8.5V to +35V 


+8.5V to +35V 


+8.5V to +35V 


+8.5V to +35V 


Voltage Converters 


Basic 

Part Function 
Number and Quiescent Output Voltage @ 
(Note 2) Uses Voltage Range Current Output Voltage Output Current 


Si7661 Voltage +4.5V to +20V ' ~20V to +20V —18V to +18V 
Doubler/Inverter | @ 20mA 


NOTES: 


(1) *Devices recommended for new designs are indicated in bold face type. 

(2) See pages 7-26 through 7-28 for package and temperature designations for most products. 

(3) Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rpg is also a function of Supply 
Voltage and Analog Voltage. See individual data sheets for more detail. 

(4) Input reference voltage of 2.5V is required (see data sheets). 

(5) See data sheet for switch state of differential switches. 

(6) Current Driven Device liyyy = 1mA. 

(7) For truth table see data sheet. 

(8) The appropriate switching characteristic for multiplexers is ttTRANSTION, NOt ton, tOFE.- 

(9) Device normally operates with resistor — to +10V. 

(10) (Cy = 35pF). 
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Siliconix 7-26 


LSI/Linear Product Information 


LSI/Linear Product Information 


A/D Converters 


3%2-Digit LD110/LD111A 
High 16-pin 
Performance | plastic DIPs 


LD120/121A 
16- & 18- pin 
plastic DIP 

respectively 


42 -Digit 


LD122/LD121A 
16- & 18- pin 
plastic DIP 
respectively 


4¥/2-Digit 


Micropower Linears 


L144 

14-pin plastic, 
ceramic, flat- 
pack & Dice 
L161 

16-pin plastic, 
ceramic, flat- 
pack & Dice 


Quad 
Comparator 


+3%2-Digit A/D Converter 
Accuracy 0.02% +1 count 
Auto zero 

Auto polarity 

10uV resolution 

Typical T.C. of 5 ppm/°C 

A usable 20mV scale 


+4¥2-Digit A/D Converter 
Accuracy 0.005% +1 count 
Auto zero 

Auto polarity 

TTL compatible 

Internal clock 

Linear to 28,500 counts 


+4%2-Digit A/D Converter 
Accuracy 0.005% +1 count 
1uV resolution for 20 mV FS 
Auto zero 

Auto polarity 

TTL compatibility 

Internal clock 

Linear to 28,500 counts 


+1.5 to +18V supply 
Programmable supply current 
Internally compensated 
0.4V/us slew rate 


+1.5to +18V supply 

Single supply operation 
Programmable supply current 
3V/us slew rate 


Telecommunications Products 


DF320 
18-lead 
plastic & 
CERDIP 


Loop 
Disconnect 


Dialer 
(pulse dialer) 
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Siliconix 


Three voltage ranges: 1.999V, 
199.9mV & 19.99mV 

Sampling rate up to 40 samples/s 

Differential input capability 

Over-range & under-range 
signals 

TTL compatible 


Two voltage ranges: 2.0V & 
200.00 mV 

1 to 5 samples/s 

25% inter-digit blanking 

MUX BCD outputs 

0.5 count stability on 2.0V range 

Monolithic design 


MUX BCD outputs 

Two over-range outputs, under- 
range, blink inhibit and 
convert-on-command 
Capability 

Interfaces to external circuitry 
and microprocessors 


80dB gain with 20k load 
Drives large capacitive loads 
+30V differential input 
Monolithic construction 


Gain greater than 20V/mV 
Sensing near ground 
+30V differential input 
CMOS Logic compatible 


Operation from 2.5V to 5V 
supply 

Low standby power dissipation; 
3uW 

Low dynamic power consump- 
ion; 600uW 

On-chip oscillator for 3.579545 
MHz crystal 

Redial capability 

Hold capability delays impulsing 

Post-impulsing pause of 33 ms 

Mask during impulsing and inter- 
digit paus?2 

Selectable make-break ratio 

10, 16, 20, 932 Hz impulsing rates 

Inter-digital pause of 800 ms 


_ LSI/Linear Product Information (Conta) 


Loop Same as DF320, except post- 
Disconnect impulsing pause of 500ms 
Dialer 


(pulse dialer) 


Same as DF320, except mask 
during impulsing only 

Same as DF320, except 10, 
932Hz impulsing rates 

No hold capability during 

impulsing 


Number entry without impulsing, 
last number redial up to 24 digits, 
dial and redial of internal PABX 


16-lead plastic 


18-lead plastic 


calls whilst maintaining last ex- 
ternal call for redial later. In- 
definite digit storage, Number entry 
> 24 digits allowed but no redial, 
Reset delay allows line breaks to 
be ignored, single and double con- 
tact keypad interface, multiple 
mute and dial pulse outputs, on 
chip regulator. 


Interface 
Four-digit 


DF412 Decodes MUX BCD to LCD 7-segment LCD drive signals 


MUX’d BCD | 40-pin plastic | 4-Digit drive capability Drives large LCDs easily 
to LCD Dis- Low power consumption Can be clocked using an external 
play Driver TTL, DTL, CMOS compatible oscillator 


Can be ganged to drive more Internal oscillator available 


than 4 digits 
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Analog Switches JAN38510 


Analog Switches JAN 38510 


Several Siliconix Analog Switches are available fully certified on the QPL (Qualified Parts List) published monthly by 
Defense Electronics Supply Center (DESC). The QPL numbers follow this format: JM38510/XXXXX. Refer to the cur- 
rent Siliconix Price List for available part types and order numbers. 


JAN Part Numbering System 


J M38510/111 07 BEC 


“JAN” Certification Mark 


Military Designator 
Detail Specification (Slash Sheet) 


/111—DG181 Series 

- 1116—DG300 Series 
/123—-DG200 a Series 
/190—DG506A Series 


eee Device Type 


Lead Finish 


A—Solder dip 
B—Bright tin plate 
C—Gold Plate 


Case Outline 


C—14-Lead side braze 
E—16-Lead side braze 
I—10-Lead can 


/116 


01—DG181 
02—DG182 
03—DG184 
04—DG185 


01—DG300 
02—DG301 
03—DG302 
04—DG303 


05—DG187 
06—DG188 
07—DG190 
08—DG191 


05—DG304 
06—DG305 
07—DG306 
08—DG307 


S—Class S 
B—Class B 
C—Class C 


1123 0i—DG200A 02—DG201A 
Part Number Order Part Number Generic Part Number 
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JM38510/11101BCC 
JM38510/11101BIC 
JM38510/11102BCC 
JM38510/11102BIC 
JM38510/11103BEC 


JM38510/11104BEC 
JM38510/11105BCC 
JM38510/11105BIC 
JM38510/11106BCC 
JM38510/11106BIC 


JM38510/11107BEC 
JM38510/11108BEC 
JM38510/11601BCC 
JM38510/11601BIC 

JM38510/11602BCC 


JM38510/11602BIC 
JM38510/11603BCC 
JM38510/11604BCC 
JM38510/11605BCC 
JM38510/11605BIC 


JM38510/11606BCC 
JM38510/11606BIC 

JM38510/11607BCC 
JM38510/11608BCC 
JM38510/12303BCC 
JM38510/12303BIC 

JM38510/12304BEC 


SJM181BCC 
SJM181BIC 
SJM182BCC 
SJM182BIC 
SJM183BEC 


SJM185BEC 
SJM187BCC 
SJM187BIC 
SJM188BCC 
SJM188BIC 


SJM190BEC 
SJM191BEC 
SJM300BCC 
SJM300BIC 

SJM301BCC 


SJM301BIC 
SJM302BCC 
SJM303BCC 
SJM304BCC 
SJM304BIC 


SJM305BCC 
SJM305BIC 

SJM306BCC 
SJM307BCC 
SJM200BCC 
SJM200BIC 

SJM201BEC 


Siliconix 


DG181AP/883 
DG181AA/883 
DG182AP/883 
DG182AA/883 
DG184AP/883 


DG185AP/883 
DG187AP/883 
DG187AA/883 
DG188AP/883 
DG188AA/883 


DG190AP/883 
DG191AP/883 
DG300AP/883 
DG300AA/883 
DG301AP/883 


DG301AA/883 
DG302AP/883 
DG303AP/883 
DG304AP/883 
DG304AA/883 


DG305AP/883 
DG305AA/883 
DG306AP/883 
DG307AP/883 


DG200A AP/883 
DG200A AA/883 
DG201A AP/883 


Analog Swiiches 
-BS9000 


BS9000 Part Numbering System 


S4 Screening level S4 


0006S SeyruMs Bojpuy 


BS 9000 Approval 


A Metal can 


Temperature Range 


A —55°C to 125°C 
B —20°C to 85°C 


P Dual-in-line 
R Dual-in-line 


Approved Parts 


Generic Part No. Generic Part No. Generic Part No. 


DG126/ 
DG129/ 
DG133/ 
DG134/ 
DG139/ 


DG140/ 
DG141/ 
DG142/ 
DG143/ 
DG144/ 


DG145/ 
DG146/ 
DG151/ 
DG152/ 
DG153/ 


DG154/ 
DG161/ 
DG162/ 
DG163/ 
DG164/ 


DG180/ 
DG181/ 
DG182/ 
DG183/ 
DG184/ 


DG185/ 
DG186/ 
DG187/ 
DG188/ 
DG189/ 


DG190/ 
DG191/ 
DG200A 
DG201A 
DG501/ 


DG503/ 
DGS06A 
DG507A 
DG508A 
DG509A 
$13705/ 


Siliconix 


/BS 
/BS 
/BS 


/BS 


/BS 
/BS 
/BS 
/BS 
/BS 
/BS 


DG300A 
DG301A 
DG302A 
DG303A 
DG304A 


DG305A 
DG306A 
DG307A 
DG308A 
DG381A 


DG384A 
DG387A 
DG390A 


*Contact one of the Silixonix sales offices for latest information. 
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Process Option Flow Chart 


The Process Option Flow Chart shows the standard screening options 
provided by Siliconix for Integrated Circuits 


Process Option Flow Chart 


Column 1: Denotes the screening process for MIL-883, Class B. To order a part screened to this option, add a ‘’/883” 
following the package suffix letter. If Group B or C Quality Conformance is also required, call out as a 
separate line item. Parts in this classification are carried in inventory. 


Column 2: Is the screening procedure for military grade standard products (‘‘A’’ temperature suffix). 
Column 3: Is the normal screening procedure for industrial and commercial grade products (B and C temperature suf- 


fixes). An industrial and commercial grade product (B and C temperature range) may be given a 160 hour 
burn-in at 125°C by adding a Dash 4 (—4) following the package suffix letter. 
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MIL-STD-883B 
METHOD 5004 
Class B 


Preseal Inspection 
Method 2010 
Condition B 


woo 


Stabilization Bake 
Method 1008, Cond. C 
150°C, 24 Hours 


woo 


Temperature Cycle 
Method 1010, Cond. C 
-65°C to +150°C 

10 Cycles 


woo, 


Centrifuge 
Method 2001, Cond. E 
30,000G Y1 Axis 


Woo ™~ 


Hermeticity (Fine Leak) 
Method 1014, Cond. Aor B 
<5x 10-8 cc/sec 


Woo ™~ 


Hermeticity (Gross Leak) 
Method 1014, Cond. C 


Wo CO 


[er Electrical Test” 


Per Data Sheet 
| le 25°C | s 


Burn-in 
Method 1015 
125°C, 160 Hours 


Wow, 


| Electrical Test 
Per Data Sheet 
| | 100% at 25°C 


| 55°C and 125°C ea 


Quality Conformance 
Group A* 


Method 5005 


External Visual 
Method 2009** 
100% 


Woo 


Process Option Flow Chart 


(A Temperature Suffix) 


Preseal Inspection 
Method 2010 
Condition B 


woo 


| Stabilization Bake 
| Method 1008, Cond. C 
150°C, 24 Hours 


Woo, 


Temperature Cycle 
Method 1010, Cond. C 
-65°C to +150°C 

10 Cycles 


woo-~ 


T eantrirage nen “| / 


Method 2001, Cond. E 
| 30,000G Y1 Axis [3 


ae aS cos le 


Hermeticity (Fine Leak) 
Method 1014, Cond. A or B 
<5 x 1078 ce/sec 


wWoc-~, 


Hermeticity (Gross Leak) 
Method 1014, Cond. C 


wWwoc-— 


| [einai Electrical Test 
| | 100% Per Data Sheet 


| 
jes fool Aki! 
| 


Vdualiwy. liviGontbenance 


Electrical Test ~, 
oer 


B 


Per Data Sheet 


[15% AQL 


External Visual 
Method 2009** 
2.5% AQL 


woca— 


*Group B and C tests done to customer order on /883 parts 


**Physical Dimensions Excluded 
The latest revision of MIL-STD-883 is applicable 


Siliconix 


eS re i a 2 rat ee crank 


INDUSTRIAL/COMMERCIAL 
(B-C Temperature Suffix) and 
—4 (Burned-in) 


PSréteal Inspection 


Siliconix Industrial 
te 
a 


Hermeticity (Gross Leak) 
(Non-Plastic Only) 
Method 1014, Cond. C 


Wo 0 ™ 


Burn-In 
125°C, 160 Hours 
(-4 Only) 


| | 100% Per Data Sheet 


| [Final Electrical Test is 
a4 


—— 


| 
| 


Touality Conformance ] 
Electrical Test |s 


Per Data Sheet 


| | 1.5% AQL 


External Visual 
2.5% AQL 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| 
| 
on 
uf 
| 
5 | 
| 
| 
| 
| 
| 
| 
| 
| 
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U.S. Sales 


Central 


Siliconix Incorporated 

1327 Butterfield Rd., Suite 620 
Downers Grove, IL 60515 
(312) 960-0106 

Twx: 910-695-3232 


Siliconix Incorporated 

Two King James South, Suite 143 
24650 Center Ridge Road 
Westlake, OH 44145 

(216) 835-4470 

Twx: 810-427-9258 


Siliconix Incorprated 
3310 KeHer Springs Road 
Suite 110A 

Carrollton, TX 75006 
(214) 385-4046/ 4047 
Twx: 910-860-9262 


Eastern 


Siliconix Incorporated 
31 Bailey Avenue 
Ridgefield, CT 06877 
(203) 431-3535 

Twx: 710-467-0660 


Siliconix Incorporated 
395 Totten Pond Road 
Waltham, MA 02154 
(617) 890-7180 

Twx: 710-324-1783 


Northwestern 


Siliconix Incorporated 
2201 Laurelwood Road 
Santa Clara, CA 95054 
(408) 988-8000 

Twx: 910-338-0227 


Southeastern 


Siliconix Incorporated 
4431 Winderlakes Drive 
Orlando, FL 32811 

(305) 293-4255 


Southwestern 


Siliconix Incorporated 
1525 E. 17th Street, Suite L 
Santa Ana, CA 92701 

(714) 547-4474 
Twx: 910-595-2643 


Worldwide Sales Offices 


Siliconix 


International Sales 


EUROPEAN 


FRANCE 
Siliconix $.A.R.L. 


70-72 Avenue du General de Gaulle 


Echat 660 

94022 Greteil Cedex 
Tel: (1) 377.07.87 
Tix: Silconx 230389F 


WEST GERMANY 
Siliconix GmbH 
Johannesstrasse 27 
D-7024 Filderstadt-1 
Postfach 1340 

Tel: (0711) 702066 
TIx: 7-255 533 


UNITED KINGDOM 


Siliconix Ltd. 
Brook House 
Northbrook Street 
Newbury, Berks 
RG13 1AH 

Tel: (0635) 47609 
Tix: 849357 


FAR EAST 


HONG KONG 
Siliconix (H.K.) 

Ltd. 5th Floor 

Liven House 

61-63 King Yip Street 
Kwun Tong, Kowloon 
Tel: 3-427151 

TIx: 44449SILXHX 


JAPAN 

Nippon Siliconix Incorporated 
101 Daigo Tanaka Bldg. 

4-4 jidabashi 3-Chome 
Chiyoda Ku, Tokyo 102 

Tel: (03) 264-7905 

TIx: 2322739 NSIXJ 


TAIWAN 


Siliconix (Taiwan) LTD. 
Nantze Export Processing Zone 
Kaohsiung 

Tel: 3612019 
Tix: 785 712 35 


Siliconix 
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Worldwide Sales Offices 


U.S. Representatives 


ALABAMA, Huntsville (35803) 
Rep Incorporated 

11547 S. Memorial Pkwy. 

(205) 881-9270 

Twx: 810-726-2102 


ARIZONA, Tempe (85281) 
Quatra Associates, Inc. 
1801 S. Jen Tilly Lane 
Suite C-14 

(602) 894-2808 

TWX: 910-950-1153 


CALIFORNIA, San Diego (92126) 
Ohm Spun Elect. Inc. 

8660 Miramar Road 

Suite 205 

(619) 579-5070 

Twx: 910-331-1185 


COLORADO, Englewood (80112) 
Delta Sales Assoc. 

Bldg. H — Suite 220 

14 Inverness Dr. East 

(303) 741-0646 

Twx: 910-935-0717 


CONNECTICUT, Cheshire (06410-0160) 
Scientific Components 

1185 South Main Street 

(203) 272-2963 

Twx: 710-455-2078 


FLORIDA, Clearwater BCH (33515) 
Perrott Associates 

P.0. Box 3384 

473 East Shore Drive 

(813) 443-5214 

Twx: 810-866-0328 


FLORIDA, Orlando (32807) 
Perrott Associates 

7725 N. Orange Blossom Trl. 
(305) 298-7748 

Twx: 810-850-0254 


FLORIDA, Sunrise (33313) 
Perrott Associates 

1371 Sunset Strip 

(305) 792-2211 

Twx: 510-955-9831 


GEORGIA, Tucker (30084) 
Rep Inc. 

1944 Cooledge Road 

(404) 938-4358 

Twx: 810-766-0822 


ILLINOIS, Des Plaines (60018) 
Electron Marketing Corp. 

3158 Des Plaines Ave. 

Suite 35 

(312) 298-2330 

Twx: 910-233-0183 


INDIANA, Fort Wayne (46856) 
Wilson Tech Sales, Inc. 

P.O. Box 11265 

(219) 424-5288 


INDIANA, Indianapolis (46240) 
Wilson Technical Sales, Inc. 
P.0. Box 40699 

4021 W. 71st Street 

(317) 298-3345 

Twx: 810-341-3264 


IOWA, Cedar Rapids (52403) 
Electromec Sales, Inc. 

1500 2nd Ave. S.E. 

Suite 205 

(319) 393-5364 

Twx: 910-576-0232 


IOWA, Davenport (52803) 
D.S.I. 

125 Kirkwood Blvd. 

(319) 322-4142 


KANSAS, Wichita (67217) 
D.S.I. 

4502 Cherry 

(316) 529-0114 


-MARYLAND, Baltimore (21208) 


Pro Rep 

107 Sudbrook Lane 
(301) 653-3600 
Twx: 710-862-0862 


MASSACHUSETTS, Tyngsborough 


Comp Tech, Inc. (01879) 
1 Bridgeview Circle 

(617) 649-3030 

Twx: 710-347-6661 


MICHIGAN, Brighton (48116) 
A.P. Associates 

P.0. Box 777 

9880 E. Grand River Ave. 
(313) 229-6550 

Twx: 810-242-1510 


MINNESOTA, Burnsville (55337) 
Electromec Sales Inc. 

101 W. Burnsville Pkwy. 

(612) 894-8200 

Twx: 910-576-0233 


MISSOURI, Ballwin (63011) 
D.S.1. 

648 Hickory Knoll Ct. 

(314) 227-7170 


NEW JERSEY, Marlton (08053) 
B.G.R. Associates 

3001 Greentree Exec. Campus 
(609) 428-2440 

Twx: 710-940-1358 


NEW JERSEY, Teaneck (07666) 
R.T. Reid Associates 

705 Cedar Lane 

(201) 692-0200 

Twx: 710-990-5086 


NEW YORK, Endwell (13760) 
Tri-Tech Electronics Inc. 

3215 E. Main Street 

(607) 754-1094 

Twx: 510-252-0891 


NEW YORK, Fayetteville (13066) 
Tri-Tech Electronics, Inc. 

6836 E. Genesee Street 

(315) 446-2881 

Twx: 710-541-0604 


NEW YORK, Fishkill (12524) 


Tri-Tech Electronics, Inc. 
14 Westview Drive 
(914) 897-5611 


E. ROCHESTER, NY 14445 
Tri-Tech Electronics, Inc. 
300 Main Street 

(716) 385-6500 

Twx: 510-253-6356 


NORTH CAROLINA, Raleigh (27607) 
Rep. Inc. 

7330 Chapel Hill Road 

Suite 204 

(919) 851-3007 

Twx: 810-766-0822 


OHIO, Cleveland (44143) 
Arthur H. Baier Company 
67 Alpha Park 

(216) 461-6161 

Twx: 810-427-9278 


OHIO, Dayton (45414) 
Arthur H. Baier Company 
4940 Profit Way 

(513) 276-4128 

Twx: 810-459-1624 


OKLAHOMA, Tulsa (74133) 
Electronics Mktg. Assoc. 
7917 S. 72nd East Ave. 
(918) 492-0390 


OREGON, Beaverton (97005) 
Blair Hirsh Co., Inc. 

9645 S.W. Beaverton Hwy. 
(503) 641-1875 


TENNESSEE, Jefferson City (37760) 
Rep Incorporated 

P.0. Box 287 

113 So. Branner Ave. 

(615) 475-4105 

Twx: 810-570-4203 


Siliconix 


TEXAS, Austin (78753) 
Electronics Marketing Assoc. 
607 A Deen Avenue 

(512) 837-0893 


TEXAS, Grapevine (76051) 
Electronics Marketing Assoc. 
P.0. Box 487 

403 E. Wall 

(817) 481-7502/7503 

Twx: 910-890-8659 


TEXAS, Houston (77099) 
Electronics Marketing Assoc. 
P.0. Box 42388 

11450 Bissonnet, Suite 309 
(713) 498-8120 


UTAH, Salt Lake City (84115) 
Delta Sales Associates 

1800 Southwest Temple, Suite 405 
(801) 487-7571 


WASHINGTON, Lynnwood (98036) 
Blair Hirsh Co., Inc. 

P.O. Box 2250 

19410 36th Avenue West 

Suite 106 

(206) 774-8151 


WISCONSIN, Wauwatosa (53226) 
Larsen Associates 

10855 West Potter Road 

(414) 258-0529 

Twx: 910-262-3160 


U.S. CHIP 
DISTRIBUTORS 


FLORIDA, Orlando (32807) 
Chip Supply Inc. 

1607 Forsyth Road 

(305) 275-3810 

Twx: 810-850-0103 


PENNSYLVANIA, Malvern (19335) 
Hybrid Die Technology 

111 Great Valley Pkwy. 

(215) 296-5905 

Twx: 510-668-6123 


ALABAMA, Huntsville (35803) 
Hamilton/Avnet, #23 

4812 Commercial Drive 

(205) 837-7210 

Twx: 810-726-2162 


ALABAMA, Huntsville (35805) 
Pioneer/Huntsville 

1207 Putman Drive N.W. 

(205) 837-9300 

Twx: 810-726-2197 


ARIZONA, Tempe (85281) 
Anthem Electronics, Inc. 
1701-1 E. Weber Drive 
(602) 244-0900 

TWX: 910-950-0110 


ARIZONA, Tempe (85281) 
Hamilton /Avnet, #04 

505 South Madison Dr. 
(602) 231-5100 

Twx: 910-950-0077 


CALIFORNIA, Anaheim (92807) 
Zeus West, Inc. 

1130 Hawk Circle 

(714) 632-6880 


CALIFORNIA, Chatsworth (91311) 
Anthem Electronics, Inc. 

21730 Nordhoff Street 

(213) 700-1000 


CALIFORNIA, Costa Mesa (92626) 
Avnet Electronics 

350 McCormick Ave. 

(714) 754-6111 

Twx: 910-595-1928 


CALIFORNIA, Costa Mesa (92626) 
Hamilton Electro Sales, #29 

3170 Pullman Street 

(714) 641-4100 

Twx: 910-595-2638 


CALIFORNIA, Culver City (90230) 
Hamilton Electro Sales, #01 

10912 W. Washington Blvd. 

(213) 558-2121 or (714) 522-8200 
Twx: 910-340-6364 


CALIFORNIA, San Diego (92121) 
Anthem Electronics, Inc. 

4125 Sorrento Valley Blvd. 

(619) 453-9005 

Twx: 910-335-1515 


CALIFORNIA, San Diego (92123) 
Hamilton/Avnet, #02 

4545 Viewridge Ave. 

(714) 571-5710 

Twx: 910-335-1216 


CALIFORNIA, Santa Clara (95052) 
Wyle Distribution Group 

3000 Bowers Avenue 

(408) 727-2500 

Twx: 910-379-6480 


CALIFORNIA, Sunnyvale (94086) 
Bell Industries 

1161 No. Fairoaks Ave. 

(408) 734-8570 

Twx: 910-339-9378 


CALIFORNIA, Sunnyvale (94086) 
Hamilton/Avnet, #03 

1175 Bordeaux Avenue 

(408) 743-3300 

Twx: 910-339-9332 


CALIFORNIA, Tustin (92680) 
Anthem Electronics, Inc. 
2661 Dow Avenue 

(714) 730-8000 

Twx: 910-595-1585 


Worldwide Sales Offices 


U.S. Distributors 


CALIFORNIA, Woodland Hills (91367) 
Hamilton/Avnet, #71 

21050 Erwin Street 

(213) 883-0000 


COLORADO, Englewood (80111) 
Hamilton/Avnet, #06 

8765 E. Orchard Rd., Suite 708 
(303) 740-1000 

Twx: 910-931-0510 


COLORADO, Thornton (80241) 
Wyle Distribution Group 

451 E. 124th Avenue 

(303) 457-9953 

Twx: 910-936-0770 


COLORADO, Wheatridge (80033) 
Beli Industries 

8155 W. 48th Avenue 

(303) 424-1985 

Twx: 910-938-0393 


CONNECTICUT, Danbury (06810) 
Hamilton/Avnet, #21 

Commerce Drive, Commerce Park 
(203) 797-2800 

Twx: 710-460-0594 


CONNECTICUT, Wallingford (06492) 
Marshall Industries 

Village Lane 

Barnes Industrial Park 

(203) 265-3822 

Twx: 710-465-0747 


FLORIDA, Altamonte Springs (32701) 
Pioneer Electronics 

221 North Lake Blvd. 

(305) 834-9090 

Twx: 810-850-0177 


FLORIDA, Ft. Lauderdale (33309) 
Hamilton/Avnet, #17 

6801 N.W. 15th Way 

(305) 971-2900 

Twx: 510-956-3097 


FLORIDA, St. Petersburg (33702) 
Hamilton/Avnet, #25 

3197 Tech Drive No. 

(813) 576-3930 

Twx: 810-863-0374 


FLORIDA, Winter Park (32789) 
Milgray Electronics 

1850 Lee Avenue 

(305) 647-5747 


GEORGIA, Norcross (30092) 
Hamilton/Avnet, #15 

5825 Peachtree Corners E-D 
(404) 447-7500 

Twx: 810-766-0432 


GEORGIA, Norcross (30093) 
Marshall Industries 

4364B Shakelford Road 
(404) 923-5750 

Twx: 810-766-3969 


ILLINOIS, Bensenville (60106) 
Hamilton/Avnet, #10 

1130 Thorndale Ave. 

(312) 860-7780 

Twx: 910-227-0060 


ILLINOIS, Elk Grove Village (60007) 
GBL/Goold Electronics 

610 Bonnie Lane 

(312) 593-3222 


ILLINOIS, Elk Grove Village (60007) 
Pioneer/Chicago 

1551 Carmen Drive 

(312) 437-9680 

Twx: 910-222-1834 


INDIANA, Carme! (46032) 
Hamilton/Avnet, #28 

485 Gradle Drive 

(317) 844-9333 
Twx:.810-260-3966 


INDIANA, Indianapolis (46250) 
Pioneer/Indiana 

6408 Castleplace Drive 

(317) 849-7300 

Twx: 810-260-1794 


KANSAS, Overland Park (66215) 
Hamilton/Avnet, #58 

9219 Quivira Road 

(913) 888-8900 

Twx: 910-743-0005 


MARYLAND, Columbia (21045) 
Hamilton/Avnet, #12 

6822 Oak Hall Lane 

(301) 995-3500 (MD) 

(301) 621-5410 (DC) 

Twx: 710-862-1861 


MARYLAND, Gaithersburg (20760) 
Pioneer/Washington 

9100 Gaither Road 

(301) 948-0710 

Twx: 710-828-0545 


MARYLAND, Gaithersburg (20760) 
Marshall Industries 

16760 Oakmont Ave. 

(301) 840-9450 

Twx: 710-828-0223 


MASSACHUSETTS, Burlington (01803) 


Milgray Electronics 
79 terrace Hall Ave. 
(617) 272-6800 

Twx: 510-225-3673 


MASSACHUSETTS, Burlington (01803) 


Marshall Industries 
1 Wilshire Road 
(617) 272-8200 
Twx: 710-332-6359 


MASSACHUSETTS, Woburn (01801) 
Hamilton/Avnet, #18 

50 Tower Office Park 

(617) 935-9700 

Twx: 710-393-0382 


MICHIGAN, Grand Rapids (49508) 
Hamilton/Avnet, #67 

2215 29th St. S.E. A5 

(616) 243-8805 


MICHIGAN, Livonia (48150) 
Hamilton/Avnet, #66 

32487 Schoolcraft 

(313) 522-4700 

Twx: 810-242-8775 


MICHIGAN, Livonia (48150) 
Pioneer/Michigan 

13485 Stamford 

(313) 525-1800 

Twx: 810-242-3271 


MINNESOTA, Minneapolis (55435) 
Industrial Components 

5229 Edina Industrial Blvd. 

(612) 831-2666 

Twx: 910-576-3153 


MINNESOTA, Minnetonka (55343) 
Hamilton/Avnet, #63 

10300 Bren Road, East 

(612) 932-0600 

Twx: 910-576-2720 


MINNESOTA, Minnetonka (55343) 
Pioneer/Twin Cities 


10203 Bren Road, East 
(612) 935-5444 


Siliconix 


MISSOURI, Earth City (63045) 
Hamilton/Avnet, #05 

13743 Shoreline Ct. 

(314) 344-1200 

Twx: 910-762-0606 


NEW JERSEY, Cherry Hill (08003) 
Hamilton/Avnet, #14 

One Keystone Avenue 

(609) 424-0100 

Twx: 710-940-0262 


NEW JERSEY, Fairfield (07006) 
Hamilton/Avnet, #19 

10 Industrial Road 

(201) 575-3390 

Twx: 710-734-4388 


NEW JERSEY, Fairfield (07006) 
Marshall Industries 

107 Fairfield Road 

(201) 882-0320 

Twx: 710-989-7052 


NEW JERSEY, Mt. Laurel (08057) 
Marshall Industries 

102 Gaither Dr., Unit 2 

(609) 234-9100 (NJ) 

(215) 627-1920 (PA) 

Twx: 710-941-1361 


NEW MEXICO, Albuquerque (87123) 
Alliance Electronics 

11030 Cochiti S.E. 

(505) 292-3360 

Twx: 910-989-1151 


NEW MEXICO, Albuquerque (87123) 
Bell Industries 

11728 Linn N.E. 

(505) 292-2700 

Twx: 910-989-0625 


NEW MEXICO, Albuquerque (87119) 
Hamilton/Avnet, #22 

2524 Baylor Drive S.E. 

(505) 765-1500 

Twx: 910-989-0614 


NEW YORK, Buffalo (14202) 
Summit Inc. 

916 Main Street 

(716) 884-3450 

Twx: 710-522-1692 


NEW YORK, East Syracuse (13057) 
Hamilton/Avnet, #08 

1600 Corporate Circle 

(315) 437-2642 

Twx: 710-541-1560 


NEW YORK, Endwell (13760) 
Marshall Industries 

10 Hooper Road 

(607) 754-1570 

Twx: 510-252-0194 


NEW YORK, Freeport (11520) 
Milgray Electronics, Inc. 

191 Hanse Avenue 

(516) 546-5600 

Twx: 510-225-3673 


NEW YORK, Hauppauge (11787) 
Harvey Military 

40 Oser Avenue 

(516) 231-9200 

Twx: 510-227-9869 


NEW YORK, Hauppauge (11787) 
Marshall Industries 

275 Oser Avenue 

(516) 273-2424 

Twx: 510-224-6109 
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NEW YORK, Melville (11747) 
Hamilton/Avnet, #20 

5 Hub Drive 

(516) 454-6000 

Twx: 510-224-6166 


NEW YORK, Port Chester (10573) 
Zeus Components, Inc. 

100 Midland Ave. 

(914) 937-7400 

Twx: 710-567-1248 


NEW YORK, Rochester (14623) 
Hamilton/Avnet, #61 

333 Metro Park 

(716) 475-9130 

Twx: 510-253-5470 


NEW YORK, Rochester {14623} 
Marshall Industries 

1260 Scottsville Road 

(716) 235-7620 

Twx: 510-253-5526 


NORTH CAROLINA, Greensboro (27406) 
Pioneer/NC 

103 Industrial Ave. 

(919) 273-4441 

Twx: 510-925-1114 


NORTH CAROLINA, Raleigh (27604) 
Hamilton/Avnet, #24 

3510 Spring Forrest Rd. 

(919) 878-0819X210 

Twx: 510-928-1836 


OHIO, Cleveland (44105) 
Pioneer/Cleveland 

4800 E. 131st Street 
(216) 587-3600 

Twx: 810-422-2210 


BRITISH COLUMBIA 
Burnaby (V5G 4J7) 
RAE Industrial Elec. Ltd. 
3455 Gardner Court 
(604) 291-8866 

Twx: 610-929-3065 

TIx: 04-356533 


U.S. Distributors (Cont'd) 


OHIO, Dayton (45459) 
Hamilton/Avnet, #64 
954 Senate Drive 
(513) 433-0610 

Twx: 810-450-2531 


OHIO Dayton (45424) 
Pioneer/Dayton 

4433 Interpoint Blvd. 
(513) 236-9900 

Twx: 810-459-1622 


OHIO, Warrensville Heights (44128) 
Hamilton/Avnet, #62 

4588 Emery Industrial Pkwy. 

(216) 831-3500 

Twx: 810-427-9452 


OKLAHOMA, Tulsa (74129) 
Quality Components 

9934 E. 21st Street So. 
(918) 664-8812 


OREGON, Lake Oswego (97034) 
Hamilton/Avnet, #27 

6024 S.W. Jean Road, 

Bldg. C. Suite 10 

(503) 635-8836 

Twx: 910-455-8179 


PENNSYLVANIA, Horsham (19044) 
Pioneer Electronics 

261 Gibraltar Road 

(215) 674-4000 

Twx: 510-665-6778 


PENNSYLVANIA, Pittsburg (15238) 
Pioneer/Pittsburgh 

259 Kappa Drive 

(412) 782-2300 

Twx: 710-795-3122 


TEXAS, Addison (75001) 
Quality Components 
4257 Kellway Circle 

(214) 387-4949 

Twx: 910-860-5459 


TEXAS, Austin (78758) 
Hamilton/Avnet, #26 
2401 Rutland Drive 
(512) 837-8911 

Twx: 910-874-1319 


TEXAS, Austin (78758) 
Harrison Equipment Co., Inc. 
8910-A1 Research Blvd. 
(512) 458-3555 


TEXAS, Austin (78758) 
Quality Components 
2427 Rutland Drive 
(512) 835-0220 

Twx: 910-874-1377 


TEXAS, Dallas (75234) 
Harrison Equipment Co., Inc. 
14282 Gillis Road 

(214) 239-2750 


TEXAS, Dallas (75240) 
Zeus Components 
14001 Goldmark 

(214) 783-7010 


TEXAS, Houston (77063) 
Hamilton/Avnet, #11 
8750 Westpark 

(713) 975-3500 

Twx: 910-881-5523 


TEXAS, Irving (75062) 
Hamilton/Avnet, #16 
2111.W. Walnut Hill Lane 
(214) 659-4151 

Twx: 910-860-5929 


CANADA 


REPRESENTATIVES 


ISLINGTON, Ontario (M9B 6E3) 
Pipe Thompson, Ltd. 

5468 Dundas St. West Suite 206 
(416) 236-2355 

Twx: 610-492-4367 


NORTH GOWER, Ontario (KOA 2T0) 
Pipe Thompson, Ltd. 

Rural Route #2 

(613) 258-4067 

Twx: 610-492-4367 


DISTRIBUTORS 


ONTARIO, Mississauga (L4V 1M5) 
Hamilton/Avnet, #59 

6845 Rexwood Drive 

(416) 677-7432 

Twx: 610-492-8867 


ONTARIO, Ottawa (K2C 3P2) 
Future Elec. 

Baxter Centre 

1050 Baxter Rd. 

(613) 820-8313 


ONTARIO, Nepean (K2E 7L5) 
Hamilton/Avnet, #60 

2110 Colonade Road 

(613) 226-1700 

Twx: 0534971 


ONTARIO, Downsview (M3H 5S9) 
Future Electronics 


4800 Dufferin Street 
(416) 663-5563 


Silconix 


TEXAS, Stafford (77477) 
Harrison Equipment Co., Inc. 
11100 W. Airport Blvd. 

(713) 879-2771 

Twx: 910-882-5153 


TEXAS, Sugarland (77478) 
Quality Components 
1005 Industrial Blvd. 

At Bournewood 

(713) 491-2255 


UTAH, Salt Lake City (84119) 
Hamilton/Avnet, #09 

1585 West 2100 South 

(801) 972-2800 

Twx: 910-925-4018 


WASHINGTON, Belevue (98005) 
Hamilton/Avnet, #07 

44212 N.E. 121st Street 

(206) 453-5844 

Twx: 910-443-2469 


WASHINGTON, Bellevue (98005) 
Wyle Distribution Group 

1750 132nd Avenue N.E. 

(206) 453-8300 

Twx: 910-443-2526 


WISCONSIN, Milwaukee (53214) 
Marsh Electronics, Inc. 

1563 South 101st Street 

(414) 475-6000 

Twx: 910-262-3321 


WISCONSIN, New Berlin (53151) 
Hamilton/Avnet, #57 

2975 Moorland Road 

(414) 784-4510 

Twx: 910-262-1182 


QUEBEC, Pointe Claire (H9R 5C7) 
Future Elec. 

237 Hymus Blvd. 

(514) 694-7710 

Twx: 610-421-3251 


QUEBEC, St. Laurent (H4S 1M2)__ 
Hamilton/Avnet, #65 

2670 Sabourin Street 

(514) 331-6443 

Twx: 610-421-3731 


AUSTRIA 
Ing.Ernst Steiner 
Hummelgasse 14 
A-1130 Vienna 

Tel: 0222/827474/0 
TIx: 135026 


BELGIUM 

J. P. Lemaire S.A. 
Rampe Gauloise 1-A 
B-1020 Brussels 
Tel: (02) 478-48-47 
Tix: 24610 


DENMARK 

Ditz Schweitzer A.S. 
Vallensbaekvej 41 
DK-2600 Glostrup 
Tel: (02) 45-30-44 
TIx: 33257 


FINLAND 
Findip-Havulinna 
Instrumentarium Oy 
P.O. Box 357 

SF 00101 Helsinki 10 
Tel: (358)-0-5052255 
TIx: 124426 havul sf 


FRANCE 

Almex 

48 Rue de L’Aubepine 
BP102 

92164 Anthony Cedex 
Tel: (1) 666-21-12 
TIx: 250067 


Alrodis 

40 Rue Villon 
69008 Lyon 

Tel: (7) 800-87-12 
TIx: 380636 


Composants S.A. 
Avenue Gustave Eiffel 
B.P. 81 

33605 Pessac Cedex 
Tel: (56) 36-4040 
Twx: 550696F 


Composants S.A. 

55 Avenue Louis Breguet 
31400 Toulouse 

Tel: (61) 20-82-38 

Tix: 530957 


Composants S. A. 
183 Route de Paris 
86000 Poitiers 

Tel: (49) 88-60-50 
Tix: 591525F 


A. Blatzinger 
B.P. 63 


67042 Strasbourg Cedex 
Tel: (88) 331852 
TIx: 870952F 


Composants S.A 

57 Rue manoir de Servigne 
Zl, Route de Lorient 

B.P. 3209 

35013 Rennes Cedex 

Tel: (99) 54-01-53 

Tlx: 740311 


Sanelec Electronique 

7 Rue de la Couture 

Z|, de la Pilaterie 

59700 Marcq-en-Baroeuil 
Tel: (20) 98-92-13 

TIx: 160-143F 


SCAIB 

880 Rue d’Arcueil 
94523 Rungis Cedex 
Tel: (1) 687-23-13 
TIx: 204-674F 


GERMANY 
Ditronic GmbH 

IM Asemwald 48 
7000 Stuttgart 70 
Tel: (0711) 723064 
TIx: .07-255638 


EBV Elektronik GmbH 
Oberweg 6 

D-8025, Unterhaching 
Tel: 089-61105-1 

TIx: 05-24535 


EBV Elektronik GmbH 
Alexanderstrasse 42 
7000 Stuttgart 1 

Tel: (0711) 247481 
Tix: 07-22271 


EBV Elektronik GmbH 
Ostrasse 129 _ 
4000 Dusseldorf 

Tel: (0211) 84846/7 
Tix: 08-587267 


EBV Elektronik GmbH 
Kiebitzrain 18 

3006 Burgwedel 1/Hannover 
Tel: (05139) 5038 

TIx: 09-23694 


EBV Elektronik GmbH 
Schenckstr 99 

6000 Frankfurt M.90 
Tel: 0611/785037 

TIx: 04-13590 


Ing. Buro Rainer Konig 
Konigsbergerstrasse 16A 
1000 Berlin 45 

Tel: 030-772-8009 

TIx: 184-707 


Ing. Buro K.H. Dreyer 
Albert Schweitzer-Ring 36 
2000 Hamburg 70 

Tel: (040) 669027 

TIx: 2164484 


Ing. Buro K.H. Dreyer 
Flensburger Strasse 3 
2380 Schleswig 

Tel: (04621) 24055 
TIx: 02-21334 


Ultratronik GmbH 
Munchner Strasse 6 
8031 Oberalting-Seefeld 
Tel: (08152) 7773 

TIx: 05-26459 


_ GREECE 


General Electronics, Ltd. 
209 Thivon Street 
Nikaia, Piraeus 77 

Tel: (1) 4904934 

TIx: 212949 GELT GR 


General Electronics, Ltd. 
6 Skoufa Street 

Athens. 136 

Tel: (1) 490-69-98 

TIx: 219250 RETE GR 


ITALY 
20060 Cassina de Pecchi (Ml) 


Via Vittorio Veneto 8 
Milano 


NETHERLANDS 


Koning en Hartman Elektrotechniek BV 


Postbus 43220, 

2504 A E The Hague 
30 Koperwerf 

Tel: 070-210101 

TIX: 31528 


NORWAY 

A.S. Kjell Bakke 
Ovre Raelingsvei 20 
P.0. Box 27 

N-2001 Lillesstrom 
Tel: (02) 83-02-20 
TIx: 19407 


PORTUGAL 

Telectra S.A.R.L. 

Rua Rodrigo da Fonseca 103 
1000 Lisbon 

Tel: 68-60-72 

TIx: 42827 


SOUTH AFRICA 
Electrolink (PTY) Ltd. 
P.0. Box 1020 

Cape Town 8000 

Tel: 215-350 

TIx: 572-7320 


SPAIN 


Comercial Espanola de Componentes S.A. 


Calle Arzobispo 
Morcillo 24 Oficina 5 
Madrid 34 

Tel: 1733-7054/55 
Tix: 47010 


Redis Logar SA 
Lopez de Hoyos 
78 DPDO, Madrid 2 
Tel: (1) 4113561 
TIx: 23967 


Redis Logar SA 
Casanova 56 
Barcelona 11 
Tel: (3) 2549048 


Siliconix 


Dott Ing. Giuseppe De Mico S.P.A. 


Worldwide Sales Offices 


European Representatives/Distributors 


SWEDEN 
Komponentbolaget NAXAB 
Box 4115 

S-171-04 Solna 

Tel: 08-985140 

TIx: 17912 KOMP 


SWITZERLAND 
Abelec A.G. 
Landstrasse 78 
CH-8116 Wurenlos 
Tel: 01-730-0455 
Tix: 59834 


UNITED KINGDOM 
Abercorn Electronics Ltd. 


Abercorn House, 3 Pittville St. 


Edinburgh; Scotland EH152BZ 
Tel: 031-669-6479 


Barlec Richfield Ltd. 
Foudry Road, Horsham 
West Sussex RH13 5PX 
Tel: 0403-51881 

Tix: 877222 


Dage Eurosem Ltd. 
Rabans Lane 
Aylesbury 

Bucks HP19 3RG 
Tel: 0296-32881 
TIx: 83518 


Hartech Ltd. 

Forum Hose, Stirling Rd. 
Chichester P019 2EN 
West Sussex 

Tel: 0243-773511 

Tix: 86230 


Macro-Marketing Ltd. 
Burnham Lane 
Slough, Berks 

Tel: (06286) 4422 

Tix: 847945 


Micro-Tek Mktg. Ltd. 
4 Bellfield Avenue 
Harrow Weald 
Middlesex 

HA3 6SX 

Tel: 01-428-3265 


Semiconductor Specialists (UK) Ltd. 


Carroll House 

159 High Street 

West Drayton 
Middlesex UB7 7XB 

Tel: (08954) 45522/46415 
TIx: 21958 


United Components Ltd. 
Unit 5, Wye Estate 
London Road 

High Wycombe 

Bucks HP11 1LH 

Tel: (0494) 444712 

TIx: 83206 


YUGOSLAVIA 

Contact: Belram S.A. 

83 Avenue des Mimosas 
1150 Brussels, Belgium 
Tel: 734-33-32/734-26-19 
Tix: 21790 
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International Representatives/Distributors 


AUSTRALIA 

NSD PTY. Ltd. 

22 Michellan Ct. 
Bayswater, Victoria 3153 
P.O. Box 148 

Tel: 729-8855 

Tix: AA35443 


BRAZIL 

Cosele Comercio e Servicos 
Electronicos Ltda. 

Rua da Consolacao, 867 
01310 Sao Paulo 

Tel: 255-1733 

Tix: 1130869-CSEL-BR 


HONG KONG 

ATEK Electronics Co., Ltd. 
Rm 1302 Argyle Centre Phase 
688 Nathan Rd., Kowloon 
Tel: 3-916833/4 


INDIA 

Zenith Electronics 

541 Panchratna 

Mama Parmanand Marg 
Bombay 400004 

Tel: 384214 

TIx: 011-3152 


Authorized U.S. Agent 
Fegu Electronics Inc. 
2584 Wyandotte St. 
Mtn. View, CA 94043 
Tel: (415) 961-2380 
Tix: 345599 


TAIWAN 

Siliconix (Taiwan) Ltd. 

Nantze Export Processing Zone 
Kaohsiung 

Tel: 3612019 

TIx: 78571235 


ISRAEL 

Telsys Ltd. 

12 Kehilat Venetsia St. 
69010 Tel Aviv 

Tel: 494891 

TIx: 032392 


JAPAN 


Teijin Advanced Products Corp. 


1-1 Uchisaiwai-Cho.2-Chome 
Chiyoda-Ku, Tokyo, 100 
Tel: (03) 506-4670 

TIx: J-23548 


KOREA 

Exim Co., Ltd. 

155-12 Yumri-Dong 
Mapo-Ku 

Seoul 

Tel: 715-4933 

TIx: K28569 TBTRACO 


LATIN AMERICA 

Intectra Inc. 

2629 Terminal Blvd. 

Mt. View, CA 94043 

Tel: (415) 967-8818 

Tix: 345545 Intectra MNTV 
Cable: INTECTRA 


Manufacturing Facilities 


HONG KONG 
Siliconix (H.K.) Ltd. 
5 Floors 

Liven House 

61-63 King Yip Street 
Kwun Tong, Kowloon 
Tel: 3-427151 

TIx: 44449SILXHX 


NEW ZEALAND 
S.T.C. (NZ) Ltd. 

10 Margot Street 
Epsom, Auckland 3 
Tel: 500-019 

Tix: NZ21888 


PHILIPPINES 

Alexan Commercial 
812 Elcano Street 
P.0. Box 4459, Manila 
Tel: 405923 

TIx: 27484 


SINGAPORE & MALAYSIA 
Carter Semiconductor PTE Ltd. 
807, 8th Floor Front Block 
Orchard Road, Orchard Towers 
Tel: 235-6653 

Tix: RS 36443 


SOUTH AFRICA 
Electrolink (PTY) Ltd. 
P.0. Box 1020 
Capetown 8000 

Tel: 215-350 

TIx: 572-7320 


UNITED KINGDOM 
Siliconix Ltd. 
Morriston, Swansea 
SA6 6NE 

Tel: (0792) 74681 
Tix: 48197 


Siliconix 


TAIWAN 

Don Business Corp. 

6F, No. 33, Alley 24, 

Lane 251, Nanking East Road 
Sec.5, Taipei 

Tel: 766-4515, 760-7801-3 

Tlx: 25641 DONBC 

Cable: “DONBC” TAIPEI 


THAILAND 

Choakchai Electronic Supplies 
128/22 Thanon Atsadang 
Bangkok 2 

Tel: 221-0432-221-5384 

Cable: SAHAPIPHAT 


VENEZUELA 

P. Benavides S.R.L. 
Avilanas a Rio Edificio 
Rio Caribe, Local 9 
Caracas 

Tel: 52-92-97 

TIx: 21801 PBTH 


UNITED STATES 

2201 Laurelwood Road 
Santa Clara, CA 95054 
Tel: (408) 988-8000 
TIx: 910-338-0227 
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“KANGAROO” 


POUCH 
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To ensure that you receive all our new data sheets, complete and 
return the business reply form on the following page. 
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S Siliconix 
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Siliconix: Send me the technical literature I’ve marked below. 
1 MOSPOWER Design Catalog including RF 1 RF Power FET Short Form 
O Small Signal FET Design Catalog O Analog Switches & Their Applications 
O Analog Switches & IC Product Data Book 


en 


In order to be added to the Siliconix mailing list and receive the data books you need, please check appropriate 


categories below: 
MY PRINCIPAL FUNCTION: 


A. U) Engineering Management 

PLEASE PRINT B. LJ Design Engineering 

Cc. U Engineering Services 

D. (1) Manufacturing/Production 

E. LJ Education/Research & Development 
Name F. LJ Marketing 

G. LJ Other 
Department 

MY SILICONIX PRODUCT INTEREST: 
Organization H. 0 FEts 

|. LJ VMOS Power FETs 

J. (J RF N-Channel Enhancement Mode VMOS 
Address 


K. 1 Analog Switches 
L. CO LSI/Linear 
City, State, Zip M. C) Telecommunications 


OUR PRINCIPAL END PRODUCT(S): 


N. () tndustrial/Commercial 

0. 0) Computer/Business Machine 

P. (1) Consumer 

Q. 0) Government/Military/Aerospace 


Phone 


(Area Code) 


FW82 
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